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Preface

This book is the second volume of the papers presented at the 4th International
Conference on Wireless Communications and Applications (ICWCA2020) which
was carried out on December 18–20, 2020, at Hainan University, Sanya, China.
The papers cover the contemporary area of wireless technology, intelligent network
technologies, smart services and applications and present the latest achievements of
the authors.

The presented works correspond to the conference objectives and are based on
the investigation and application of wireless communications.

Most of the papers are aimed at remote sensing, analysis and management of
complicated systems in education, energy saving and many others.

Special interest attract works are aimed at the contemporary applications, such as
robots control; intelligent security systemof online cars; energy-saving technology of
wireless sensor networks; virtual simulation software based on multimodal sensory
theory; in-depth investigation service system for safe road transportation; application
of somatosensory interactive technology in teaching; active safetymonitoring evalua-
tion systemof key operating vehicles; and paradigm for urban safety and riskmanage-
ment with big data. Some investigations are aimed at interesting applications, such
as implementation of the identification system for primary protected birds in China;
Khmer-named entity recognition based on LSTM-CRF model; bidding strategy in
the Dou Dizhu game; method of alleviating depression in pregnant women based on
social mobile phone application, and many others.

The aim of the book is to present the latest achievements of the authors to a wide
range of readers, such as IT specialists, engineers, physicians, Ph.D. students and
other specialists.

Editors
Broadway, Australia
Sofia, Bulgaria
Changsha, China
Sofia, Bulgaria
June 2021
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Chapter 1
Design and Implementation of In-Depth
Investigation Service System for Road
Transportation Safety Accidents Based
on Micro-service Architecture

Hong Jia, Wei Zhou, and Haiying Xia

Abstract In order to collect the data of road transportation safety accidents and
conduct in-depth investigation and analysis of safety accidents, this paper designs
and implements a deep investigation service systemof road transportation safety acci-
dents based on micro-service architecture, starting from the functional requirements
of road transport industry practitioners and the characteristics of safety accidents.
Based onmicro-service framework, Java language is used to implement the functions
of the system, including personal computer terminal and application terminal. Users
use the mobile application as the information acquisition terminal, and guided by the
positioning and navigation technology, to provide real-time positioning road trans-
port vehicle accident data collection service for road transport managers, and upload
the collected data directly to the cloud. Users can query the relevant accident data in
the system personal computer terminal and carry out classified statistical analysis.

1.1 Introduction

At present, our country’s accident prevention countermeasures rely on the accident
responsibility confirmation and accident investigation report, which mostly focus
on the traffic illegal behavior and responsibility identification of people. The lack
of investigation and analysis on the causes of human behavior, roads, vehicles, and
mainland transportation enterprises will easily lead to the weak system of accident
prevention and inaccurate target of measures. Tracing back to the road transporta-
tion process, the ability of safety risk prevention and control in key areas and key
links of road transportation also needs to be further strengthened, and the risk of
production safety accidents in key areas cannot be ignored. It is urgent to establish
a unified standard platform to collect road transportation safety accident data, and

H. Jia (B) · W. Zhou · H. Xia
Research Institute of Highway Ministry of Transport, Ministry of Transport, Beijing, China
e-mail: h.jia@rioh.cn

Key Laboratory of Operation Safety Technology on Transport Vehicles, Ministry of Transport,
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conduct in-depth investigation and analysis on safety accidents, so as to clarify the
real causes behind the accidents to develop relevant standards, policies, laws, and
regulations, reduce the incidence of road transport safety accidents, and improve our
road transport safety level.

In this paper, based on the functional requirements of road transport industry
practitioners and the characteristics of safety accidents, we design and implement
a deep investigation service system of road transportation safety accidents based
on micro-service architecture. The system includes personal computer (hereafter
called PC) terminal and application (hereafter called APP) terminal. Users collect
road transportation safety accident data through the system to lay a foundation for
in-depth investigation and analysis. Micro-service architecture is a new technology
to deploy applications and services in the cloud, which is widely used in various
industries [1–5]. Using micro-services to build a system not only uses the horizontal
expansion architecture, but also uses the vertical expansion architecture. At the same
time, it realizes the combination of application programming interfaces (hereafter
called API), making it reusable in the whole business. Micro-service architecture
makes continuous deployment easier and easier to update components. A specific
micro-service can be re deployed without affecting other service functions.

1.2 System Function Design

1.2.1 User Type

The users of this system are mainly road transport industry management department,
system operator, and system administrator. Among them, the grass-roots road trans-
port industry management department can log in the system to enter and query the
relevant road transport safety accident data after obtaining the account number, and
can query the relevant standards and laws and regulations. The system operator can
log in the system and input the road transportation safety accident information in
batches or singly. The system administrator can assign authority to system functions
and assign account number to system users. After the system is put into operation and
obtains certain data basis, the system administrator will be able to conduct big data
analysis based on the road transportation safety accident data, so as to provide the
basis for scientific decision-making of road transportation management department.

1.2.2 Function Design

The system includes PC terminal and APP terminal. The APP terminal is used as
the collection information transmission terminal, and guided by the positioning and
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navigation technology, to provide real-time positioning road transport vehicle acci-
dent data collection service for road transport managers and upload the collected
data directly to the cloud. The information filled in by the user through the mobile
APP can be queried synchronously on the PC side of the system. Users can query the
relevant accident data in the systemPC terminal system andmake classified statistics.
The PC end of the systemmainly includes three functions: systemmanagement, data
acquisition, and large screen display. Among them, the system management module
includes user management, department management, role management, parameter
management, system log, and other functions, which are mainly used for authority
allocation and the addition, deletion,modification, and query of user account; the data
acquisition module includes the basic information of accident, vehicle information
of accident scene, accident driver information, road information, traffic environment
information, and vehicle The large screen display is mainly used for docking with
the road transportation emergency support system, including three display pages: the
large screen of dispatching platform, the large screen of work order monitoring, and
the large screen of resource distribution. The functional architecture of the system
PC end is shown in Fig. 1.1.

The main functions of the data acquisition center, including the data acquisition
module and the mobile service module, are provided. Data acquisition is mainly
divided into four key sectors and eight main categories, covering key elements of
transportation such as “people, vehicles, roads, and environment.” The four key
sections are accident basic information, personnel, and enterprise safety manage-
ment information, vehicle and collision information, and road and surrounding
environment information. The eight main categories are accident basic informa-
tion, personnel information, enterprise safetymanagement information, vehicle basic
information, vehicle use information, collision information, road information, and
traffic environment information. The details are given in Table 1.1.

Fig. 1.1 Functional architecture of PC terminal
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Table 1.1 Data collection information table

Serial number Key sector Category

1 Accident basic information Accident basic information

2 Personnel and enterprise safety
management information

Personnel information, enterprise safety
management information

3 Vehicle and collision information Vehicle basic information, vehicle use
information, collision information

4 Road and surrounding
environment information

Road information and traffic
environment information

1.3 System Architecture Design

The system adopts micro-service technology architecture, which is divided into
display layer, business layer, gateway layer, service layer, public technology layer,
and infrastructure layer. The details are shown in Fig. 1.2.

The display layer mainly realizes the interface display of user terminal, including
system operation and maintenance monitoring interface, PC terminal, APP terminal,
and management application interface. The business layer standardizes the data
collection items and collection process by formulating standard specifications and
operation procedures, so as to reduce the communication cost and improve the coop-
eration efficiency.Gateway layer is between business layer and service layer. Through
unified access, traffic control, protocol adaptation, and other operations, it is conve-
nient to call internal services. The functions of current limiting, security, and fusing
are included in this level. The service layer is divided into three layers: the basic
service layer,which ismainly responsible for data storage andprocessing; the transac-
tion framework layer, which is mainly responsible for the registration and scheduling

Fig. 1.2 System architecture design
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management and distributed transaction processing of micro-services; the applica-
tion service layer, which mainly implements the API of each micro-service, is used
for other micro-services to call directly and service calls of the business layer. SAAS
service is the business service that is provided to the public. The docking of related
systems is realized at this level. The infrastructure layer mainly provides the infras-
tructure environment, including network, storage, and basic operation environment,
such as database, operating system, file system, and middleware.

1.4 System Function Realization and Advanced Technology

The system is based on alicloudmicro-service architecture and PostgreSQL database
development and design, and the main development language is Java language. The
system software is deployed on three Alibaba cloud servers. The cloud servers are
configured with cpu16 cores and 128G memory. At the same time, Alibaba cloud
security products such asWeb application firewall, situation awareness, and anknight
are configured to ensure the data security of the system.

The application development platform adopts Ali micro-service architecture
system, which has advanced technology, stability, and flexibility.

Micro-service architecture is very flexible, and different micro-services can be
developed with different technologies. Micro-service architecture is reliable, if a
function crashes, the whole application will not crash. We can fix this problem in
the corresponding micro-services and deploy it immediately. Development based on
micro-service architecture can improve development efficiency. Because the code
volume of micro-services is much smaller, it is less difficult for new team members
to understand and modify the code. The code quality is well maintained, and the
IDE reaction speed is faster. The startup time of micro-services is much shorter. All
of these factors have greatly increased developer productivity. Using micro-service
architecture, it is easy to build complex applications. If we analyze the characteristics
of the application correctly, we can decompose it into independent components,
which can be deployed independently. Scalability is a major advantage of micro-
service architecture, and eachmicro-service canbe scaled individually.Micro-service
architecture makes continuous deployment easier and easier to update components.
A specificmicro-service can be redeployed without affecting other service functions.

1.5 Concluding Remarks

Based on the analysis of the user’s functional requirements, this paper designs an in-
depth investigation service system of road transportation safety accidents based on
micro-service architecture and realizes all the functions of the system by using Java
language. The system includes PC terminal and APP terminal. Users use the APP as
the information acquisition terminal, and guided by the positioning and navigation
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technology, to provide real-time positioning road transport vehicle accident data
collection service for road transport managers, and upload the collected data directly
to the cloud. Users can query the relevant accident data in the system PC terminal
system and carry out classified statistical analysis.
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Chapter 2
Survey on Video Information
Superimposition and Interaction Method
Oriented to Disaster Knowledge of Power
Grid

Zhimin He, Lin Peng, Min Xu, Gang Wang, Hai Yu, Xingchuan Bao,
Zhansheng Hou, He Wang, and Liang Zhu

Abstract After investigation and analysis, this work adopts a variety of feature
fusion methods, based on the business characteristics of power grid equipment, to
carry out video information superimposition and interactive technology research.
Aiming at the noise characteristics of various power equipment such as power field
transformers, it studies the noise reduction of power field audio collection. Key tech-
nology; using feature classification-based moving target detection and classification-
based moving target tracking technology and continuous learning technology for
tracking targets to achieve continuous tracking of power equipment components;
based on image vector icon labeling and image overlay technology to achieve map
video overlay of textual guidance information.

2.1 Introduction

2.1.1 Research Background

In recent years, various natural disasters have occurred frequently and it has a
growing trend. Disasters such as typhoons, heavy rainfall, geological earthquakes,
and freezing rain and snow have brought huge losses to the power grid, seriously
affecting the safe and stable operation of the power grid and the normal production
and operation of the company. Since the 19th National Congress of the Communist
Party of China, the Party Central Committee has proposed strengthening, optimizing,
and coordinating the construction of national emergency response capabilities, to
build a responsible, authoritative and efficient national emergency response capa-
bility system that has unified command and consistent power, and to improve produc-
tion safety, to maintain maintaining public safety, disaster prevention, mitigation and
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relief ability to ensure the safety of people’s lives and property and social stability [1].
The documents jointly issued by the Office of the State Council Security Committee,
the Office of the National Disaster Reduction Commission, and the Ministry of
Emergency Management clearly require the strengthening of basic emergency infor-
mation management, integrating resources from all parties, promoting information
sharing and sharing, strengthening the supervision of disaster accident risks and
hidden dangers, and improving safe production and comprehensive prevention. The
level of disaster mitigation and disaster relief will promote the formation of an emer-
gency management system with Chinese characteristics featuring unified command,
both special and regular, responsive, upper and lower linkage, and peace and war,
effectively guaranteeing the safety of people’s lives and property and social stability
[2].

2.1.2 Purpose and Significance

TheStateGridCorporation ofChina began to develop the emergency command infor-
mation system in 2008, which has played an active role in the company’s emergency
response in recent years. The system focuses on themanagement of emergency infor-
mation such as emergency plans and emergency teams and has insufficient support
capabilities for emergency command and auxiliary decision making such as on-site
information collection, information interaction, information fusion, and situation
analysis. It has insufficient flexibility in emergency information interaction. After
natural disasters such as typhoons, heavy rainfall, geological earthquakes, rain, snow,
and freezing occur, information communication between on-site rescuers and on-site
rescue headquarters and emergency command centers is mainly through telephone
or short messages, which is flexible insufficient degree, and it is difficult to upload
and release on-site pictures, audio, and video disaster information.

Therefore, it is necessary to design a method to carry out research on video target
labeling and superimposing interaction technology for power grid disaster awareness,
to improve the accuracy, timeliness, and systematicness of information interaction
between power grid emergency personnel and remote personnel, thereby improving
the efficiency of power grid emergency operations.

2.1.3 Overview of Research Levels at Home and Abroad

Information technology is the basis for the development of emergency response
systems. At present, many developed countries have established relatively complete
emergency response platform systems, and various emergency equipment technolo-
gies have become quite mature. In the construction of emergency platform systems in
developed countries such as the United States, Japan, and other developed countries,
they all attach great importance to the application of digital information.
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In 2001, National Institution of Standards and Technology (NIST) began to orga-
nize the (TREC Video Retrieval Evaluation) evaluation, and since 2002, it has listed
video as a separate task, which marks the beginning of a systematic approach to this
field. The evaluation concepts selected by TRECVID are becoming more complex,
and at the same time covering more and more. Rare concepts, that is, concepts with a
relatively low frequency of occurrence, usually rarely increase in positive examples
in the training set. Nevertheless, video annotation is still an emerging field, and there
are still many theoretical and technical problems to be solved urgently. Most of the
attention of domestic and foreign researchers on video annotation is on the automatic
semantic annotation of videos, focusing on the algorithmic research of annotation
methods, and on this basis, they have developed video annotation tools for prac-
tical applications, such as ELAN (EUDICO Linguistic Annotator), OntoELAN, etc.
Because of the different platforms of these annotation tools, there are big differences
in functional design.

Related domestic research institutions and universities have also conducted in-
depth research on video labeling and classification, and some prototype systems and
algorithms have emerged. In 1999, ZhuangYueting of ZhejiangUniversity and others
established a WebMARS video retrieval system. In terms of algorithms, research
groups represented by the University of Science and Technology of China, the
Institute of Computing Technology of the Chinese Academy of Sciences, Tsinghua
University, Beijing JiaotongUniversity, Peking University, Jilin University, Zhejiang
University, Beijing Institute of Technology, and City University of Hong Kong are
working on machine learning and context-based video. A lot of work has been done
for labeling. Wang et al. have made some improvements in video annotation based
on semi-supervised learning. In 2013,Wang Han et al. proposed a joint group weight
learning framework to weigh different but related image groups on the Internet and
use this knowledge to build video annotations model. At present, the domestic scien-
tific research team has carried out extensive research on video annotation and video
classification in specific application fields, such as sports video, news video, and
movies, and has achieved good results [3].

2.2 Key Technology Research

Difficult problems encountered by emergencydisaster victims require the guidance of
the real-time remote command center, and the use of information overlay technology
can efficiently guide the emergency rescue operations of on-site operators.
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2.2.1 Audio and Video Enhancement Technology
in the Complex Environment of the Job Site

In view of the large noise characteristics of various power equipment such as power
field transformers, the key technology of power field audio collection and noise
reduction is studied, and the audio active noise reduction algorithmbased on the noise
environment of power grid operation is studied. Study the influence of adjustment
and change of parameters such as step genetic factor, instantaneous error energy
weight, algorithm convergence step size, and algorithm convergence step size in the
adaptive algorithm VSSLMS on reducing noise on the job site [4].

When the mobile video terminal, including wearable devices and handheld
devices, performs audio and video interaction, target detection, tracking, and other
tasks, due to the jitter of the camera video, there are two kinds of motion vectors in
the moving background, the image coordinate system between adjacent frames. The
inconsistencymakes the output image not very stable, resulting in errorswhen further
observation of the video image is made, and effective and correct information cannot
be extracted. Therefore, it is necessary to use motion estimation algorithms and
motion filtering and image compensation technology algorithms to enhance mobile
video images in order to output stable videos in real-time when the mobile video is
jittered in a complex background.

2.2.2 On-Site Target Tracking and Labeling in Mobile
Environment

The tracking of the moving target in the mobile environment is through continuous
learning of the locked target to obtain the latest appearance characteristics of the
target, so as to improve the tracking in time to achieve the best state tracking. That is:
Initially, according to the provided one frame of still target image, a comprehensive
scan is performed on each frame of the image, to find all the positions of the appear-
ance similar to the target object, and generate positive and negative samples from the
results of the detection. With the continuous movement of the target, the system can
continuously detect, obtain changes in the target’s angle, distance, depth of field, etc.,
and recognize it in real time. After a period of learning and training, it can accurately
capture and track the target and mark it. Specific processing techniques include:

Moving target detection based on feature classification which includes two
processing processes, namely the learning process and the decision process. The
basic idea of the learning process is to select or construct an image feature that is
beneficial to the description of the target type of interest. Through the feature extrac-
tion algorithm, a set of labeled image samples are mapped to the feature space to
form a feature sample set, then, the sample set is used as input, perform supervised
training on the corresponding pattern recognition classifier, and finally get a trained
detection classifier. The basic idea of the decision-making process is to first list all
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the regions in the current image that may contain the target type of interest, and then
use the trained classifier to quantify the possibility of targets in these regions, and
finally use the decision strategy to evaluate the output of the classifier. Finally realize
the detection of the target.

Classification-based moving target tracking, also known as detection-based
moving target tracking, is a popular target tracking technology in recent years. The
core of this type of algorithm is also to find a boundary between the scene back-
ground and the moving target image to separate the foreground target from the local
background. Specifically, an online learning feature classifier is used to quantify and
classify the feature vector extracted from the current area to be inspected, and the
area to be inspected with the optimal classification output is used as the target area.
This type of algorithm can continuously update the classifier with the feature vector
extracted from the current optimal classification area. This self-feedback mechanism
greatly improves the algorithm’s ability to adapt to changes in target shape.

2.2.3 Audio and Video Assisted Graphic Guidance
Information Overlay Technology

The technical solution of the system supports online annotation and editing functions,
which can add text, brushes, two-dimensional vector diagrams, etc. The back-end
technical solution experts can add text or annotate vector diagrams at any position of
the video screen in real time according to their needs. On-site maintenance personnel
can see these annotations simultaneously, which is convenient for remote command.
The layer editing process will not affect the live video, synchronous audio playback,
and picture quality [5].

There are three commonly used methods for displaying text: including dot matrix
display, font image display, and real-time generated text image loading display. They
are suitable for different languages and different applications. Each of the three
methods has advantages and disadvantages, and is aimed at wearable devices. Due
to the particularity of the technical scheme and the complexity of Chinese coding, in
the concrete realization of the multi-channel distribution controller superimposing
text, we generally adopt the third method, which is to generate files and pictures in
real time to load and display. In the technical solution of this subject, the specific
idea of multi-channel distribution controller (SFU) superimposing text is as follows:
SFU first decodes the terminal video data received by the network into YUV format
(or RGB format) and then uses the text display method mentioned earlier. Perform
text overlay on YUV (or RGB) image data, encode the superimposed YUV (or RGB)
data, and finally send the encoded video data with text display to the network, so that
the terminal can display text after receiving its image too.

The technical solution of this subject aims to provide a good graphics rendering
platform. The graphics platform needs to support the specific functional require-
ments of the power industry, such as topological connection, topological color, and
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power industry business graphic element editors, on the premise of supporting the
basic functions of ordinary graphics editors. Using the graphics editor, you can edit
different main wiring diagrams, protection wiring diagrams, and other graphics for
the specific conditions of different substations. At the same time, the graphic platform
should have a good human–computer interaction interface.

The separation of rendering and selection is adoptedwhen drawing and controlling
primitives. Its main idea is to draw the rendering part and the selection part separately
when drawing a primitive. The rendering part refers to the specific basic primitives
that we see with the naked eye after drawing, including its borders, filling pictures,
colors, and so on. The selection part is used to control the image element, such
as stretching the control point to change the size of the image element, dragging
the image element to change its position, and so on. This technical solution uses a
multi-threadedmanner to control this, and a single rendering thread is responsible for
drawing the rendering part, and another selection thread is responsible for drawing
the selection part. Then, the user can see the work done by the rendering thread from
the naked eye after the user finishes drawing a primitive, that is, draw the primitive
that the user wants on the canvas; and the selection thread is also drawn in different
ways in the same position. After special processing, the user cannot see the primitive
drawn by the selected thread. The work done by the previous selection thread will be
used when selecting and dragging the drawn primitives with the mouse. When the
mousemoves to a primitive, the part drawn by the selection thread senses the position
of the mouse, so that operations such as selection and dragging can be performed.
And this kind of induction is judged by the color of the pixel where the mouse is
located, that is, the color drawn by the selection thread.

2.3 Conclusion

This article is mainly devoted to the research of core key technologies such as
mobile device audio and video enhancement technology, target tracking, and remote
collaborative graphic information overlay. Firstly, research about the audio and
video enhancement technology in the complex environment for power grid emer-
gency operations can achieve autonomous audio noise reduction, stabilization, and
enhancement of video image quality; secondly, the use of feature classification-based
moving target detection and classification-based moving target tracking technology
and tracking targets continuous learning technology to achieve continuous tracking
of power equipment components; finally, based on image vector icon annotation and
image overlay technology, to achieve video overlay of graphic guidance information.
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Chapter 3
The Design and Implementation
of the Bidding Strategy in the Dou Dizhu
Game

Wenjie Huang, Shuqin Li, and Saisai Li

Abstract TheDouDizhu game is a popular game inChina, which has been accepted
as a competition in China Computer Game Championship in recent years. The key
step of the game is to bid the card, which directly determines the result of the game.
In this paper, the related techniques of deep learning have been deeply studied, and
the Dou DiZhu game bidding strategy based on deep learning is put forward. Basing
on the real game data of a famous online game company in China, this paper gives
an innovative method of data calibration and a card representation model and selects
the CNN model to train the bidding model. Finally, the bidding system will give a
score according to the given initial hand card, and the program is used as AI program
to participate in the Chinese University Computer AI Game Championship in 2020.
The results show that the bidding strategy proposed in this paper is feasible.

3.1 Introduction

Artificial intelligence is a comprehensive discipline. One of the important fields
in artificial intelligence is AI program gaming, and it is an important platform to
test the development level of artificial intelligence. According to whether the game
information can be completely known, it can be divided into complete information
game and incomplete information game [1]. In the complete information game,
Google’s “Alphago Zero” reaches [2] to a new height in the field of computer games.
It provides a general solution for complete information games such as go, chess, and
so on. Computer chess AI players gradually reach the level of professional players,
and even more than human beings, which draw a great attention in deep learning.
Fighting against the Dizhu is an interesting, extensive, and professional poker game.
As a typical problem of incomplete information game, more and more experts in the

W. Huang · S. Li (B) · S. Li
School of Computer, Beijing Information and Science and Technology University, Beijing
100101, China
e-mail: lishuqin_de@126.com

Sensing and Computational Intelligence Joint Lab, Beijing Information and Science and
Technology University, Beijing 100101, China

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
L. C. Jain et al. (eds.), Wireless Technology, Intelligent Network Technologies, Smart
Services and Applications, Smart Innovation, Systems and Technologies 258,
https://doi.org/10.1007/978-981-16-5168-7_3

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5168-7_3&domain=pdf
mailto:lishuqin_de@126.com
https://doi.org/10.1007/978-981-16-5168-7_3


16 W. Huang et al.

field of artificial intelligence pay attention to it. Bidding card is an important part
before the beginning of the game round. Whether its strategy is good or bad can
lead to win or lose in the game. Li and his team have used Adaboost algorithm to
make classifier to formulate bidding strategy and obtained the highest 75% accuracy
[3] of imitating human bidding. The deep neural network (Convolutional Neural
Networks, CNN) [4] is an important supervised learning method, which has proved
to be a powerful model and has reached great achievement in the progress of face
recognition [5], image processing, speech recognition, and game AI. Depth model
CNN gradually developed from traditional image processing to an efficient method
of extracting high dimension features from raw data. Therefore, this paper uses the
deep neural network model to study the bidding problem in Dou DiZhu game, which
has obtained theoretical significance and practical value.

3.2 Dou DiZhu Game

DouDiZhu is a poker game played by three players [6]. A set of 54 cards, each player
received 17 cards, leaving three cards. At the beginning of the game, players first bid,
the player who bid the highest can get the cards and first hand qualifications to play,
the other two sides are farmers. Farmers cooperate and fight against the Dizhu. The
Dizhu has the first turn. If one of the farmers or the Dizhu hand out the hand card first,
he will wins (as long as one farmer hand out the hand card first, both farmers win).
The rule of playing cards is that cards with great power can control small power. For
the Dou Dizhu game, the size of the card type gets different scores. The larger the
score, the greater the card force. The rocket has the largest score, followed by the
bomb. Apart from rockets and bombs, the other types of cards must meet the same
card type. The total number of sheets and scores must be higher than the previous
card surface score. The bombs are also according to the value of the card size. When
the card type is same, the comparison of card size is defined as Red Joker > Black
Joker > 2 > A > K > Q > J > 10 > 9 > 8 > 7 > 6 > 5 > 4 > 3 (no distinguishing color).
Bombs, single card, double cards, and triple cards are compared by the value of the
size, according to the maximum card score to compare the size. The aircraft with
wings and four with two are calculated by the size of the three and four cards‘ parts,
and the wings card does not affect the size of the card. Before the card distribution,
there is the bidding part, where the selection has 3 points, 2 points, 1 point, and 0
point (not calling to become a Dizhu). When the player gets a certain initial hand
card, the current hand card will be valued according to the number of main cards, the
number of loose cards, the combination of the card type and other factors, and the
score will be estimated. There are several factors to bid the cards, the number of main
cards includes “A,” “2,” “X,” “D,” “bombs”; the number of loose cards is a single
card that must be played separately; the combination degree of the card type, which
can be understood as the flexibility of the card, and the card type can be combined
to form a rich form of cards.
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3.3 Dou Dizhu Bidding Strategy

Basing on the CNN, the basic design idea of the convolution bidding system designed
in this paper is: First, obtain a large number of real person card playing data in the
actual game platform and eliminate the noise. Second, the hand card type tagging
can be used to train data. Then, a convolutional neural network structure is designed,
the hand cards of the three players are taken as the input data of the model, the
bidding task is transformed into a multi-classification problem, and the probability
of which kind of scores the hand cards belong to is obtained. The highest probability
corresponds to the result of the bid. Finally, the system is integrated, the trained
model is imported, and the test results are analyzed. The design is shown in Fig. 3.1.

3.3.1 Data Collection

The data used in this paper is the real data of two dozen and one game provided by a
famous online game company in China. A total of 5,401,939 raw data record the id,
hand card record, card information, call score, and card playing record of the three
players during the game. The separator between the data uses 0 × 01 and 0 × 02 in
the ASCII code to record all the information of the game part. The raw data is shown
in Fig. 3.2

The raw data is stored in the text file, and one set of data contains the complete
process (CSBP) of the platform per game, that is, the account number (C), the initial
hand card and the base card (S), the bidding process (B), and the playing process (P).

Fig. 3.1 Flowchart of game bid strategy

Fig. 3.2 Raw data storage format
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All data are separated by two separators, where SOH is the character corre-
sponding to number 01 in the ASCII; SXT is the character corresponding to 02.
SOH used to split the above CSBP processes, SXT used to segment different content
within different processes, as shown in Fig. 3.2, for ease of observation, display the
data into four rows in different processes, so the data is stored in 1 row.

The first line uses SXT to split different account information, dividing the initial
hand card with the base card by using the SOH and the second line; the first three
positions in the second line are the initial hand cards of three players, “4TA” repre-
sents the cards preparing to distribute to the Dizhu; the third line is bidding, “bid”
represents “call theDizhu,” “twice”means double the score, the last playerwho apply
for double score will become Dizhu. Through Fig. 3.2, the No. 0 player becomes
Dizhu; the fourth line shows the process of playing cards, “0, 1, 4448” represents for
“the No. 0 player play 4448,” With the order No. “0, 1, 2, 0, 1, 2 …” begins with the
Dizhu. According to the demand, the initial hand card information and score should
be extracted from the three positions of “0, 1, 2.” However, if only the original hand
card information is used as the feature and the original call information is used as the
label, there will be a large error, because the evaluation of the opponent card comes
from the bidding information given by the player. These bidding information cannot
fully represent the initial hand card level gap. Section 3.2 describes how to translate
the initial call information into an evaluation label that reasonably reflects the initial
hand card.

3.3.2 Hand Card Marker

In this paper, convolutional neural network is used in the bidding system, and it is
difficult to mark and prepare the training data. According to the rules of fighting
against the Dizhu, you can choose not to call the Dizhu (0 points), 1 point, 2 points,
and 3 points. Although the original data contains the player’s bidding process and
the winning or losing status of the game ending, the player level in the game record
is different, so we think that the current hand card cannot be directly marked by the
current player position from the raw data. Here, we provide a method to mark the
score of the hand card, and it is shown in Table 3.1.

We set some state when marking the hand according to the raw data: (1) When
the hand card is the position of the Dizhu and Dizhu player wins the game, it can be
regarded as “3 points,” which can be regarded as the potential of the current hand
card, the ability to fight against the farmers, and the probability of “3 points” can be
increased whenmeeting the similar hand card; (2)When the hand card is the position
of the farmer and the farmer itself wins the card, it can be regarded as “2 points,”
which can be regarded as the potential of the current hand card, the ability to fight
against the Dizhu, and the probability of “2 points” can be increased when meeting
the similar hand card; (3) The rest of the hand cards, regardless of their position,
shall be marked as “1 point” as long as the result is loss, and the division of “not
called” operation is abandoned here, because “1 point” and “not called” operation
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Table 3.1 Method of
marking the hand card

Hand card position Outcome Bid score

Dizhu The Dizhu on 3

Farmer 1, 2 The Dizhu won 1

Dizhu Farmers win 1

Farmers 1 Farmer 1 wins 2

Farmers 1 Farmer 2 wins 1

Farmers 2 Farmer 1 wins 1

Farmers 2 Farmer 2 wins 2

are very similar, and they have the same weak card force. If other players at the same
time chose “do not call” operation, then it means their hand card is weak.

In order to balance the different label data, it is necessary to screen and subtract
the generated data randomly to balance all kinds of training data. Considering the
difference of player level in raw data, some players may not dare to call “3 points,”
although they have strong hand cards, and some even if they have weak hand cards,
they still risk calling “3 points.” According to this, when a farmer win the game, the
other farmer‘s card and Dizhu‘s card and their label are removed to keep a balance.

3.3.3 CNN Bidding Model

When designing the format to input data into convolutional neural network, the color
is not considered. The card face is from“A” to “K,” and the size trump card is regarded
as two cards. For this reason, the dimension of each card is set to 1 * 15, as is shown
in Fig. 3.3. Use the corresponding number directly to represent the number of cards
shown in Fig. 3.4.

The card type “10” is represented by “T,” the card type “small joker” is represented
by “X,” and the card type “big joker” is represented by “D” in the figure.

Fig. 3.3 Meaning of each dimension

Fig. 3.4 Number of cards for each dimension
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Fig. 3.5 CNN model representation

The total number of “A” to “K” in Fig. 3.4 is 4, the number of the 2 kinds of jokers
is one, the first line represents the total number of each hand card, the second line
represents the number of each type in a given hand card, and the third line represents
the number of cards that do not exist in a given initial hand card.

Convolutional neural network used in bidding system is input as hand card infor-
mation, and the dimension of situation specification is [15 × 3], shown in Fig. 3.4.
The structure contains five layers of convolution layer and two layers of full connec-
tion layer. All convolutional cores are [3 × 3] sized. The number of the cores in
each layers is 32, 64, 128, 192, 256. The first fully connected layer has 256 nodes,
the output layer contains three nodes, represents the probability of “3,” “2,” “1.”
According to the requirements of the competition, 3 points of model output will be
regarded as bidding 3 points, 2 points of model output will be regarded as bidding 1
point, and 1 point of model output will be regarded as bidding 0 point (not calling
to be the Dizhu). The convolutional neural network structure is shown in Fig. 3.5.

3.4 Experimental Results and Analysis

The server of the training environment is configured as Ubuntu 16.04.2LTS operating
system; NVIDIAGeForce GTXTITANX graphics card 12 GBmemory; Tensorflow
version 1.0.0. The data is a real-time game record for the live combat platform. A
total of over 5 million data, including 3 million Dizhuwon, 2 million farmers won.

3.4.1 Training Effectiveness of the Model

The optimal structure of the model is obtained after many tuning training. The
hyperparameter table is shown in Table 3.2.
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Table 3.2 Hyperparameter
configuration

Parameter name Parameter Value

Number of training rounds num_epochs 500

Learning rate learning_rate 0.001

Single round batch_size 32

Loss function Criterion Cross entropy loss

Optimizer Optimizer Adam

Fig. 3.6 Call accuracy and loss

For the bidding test, the training accuracy chart and the training loss chart of the
model experiment are shown in Fig. 3.6, and the accuracy rate is improved to 93.2%,
which has a high precision of bidding cards.

3.4.2 Model Bidding Experiment

The bidding system was used to participate in the Chinese University Computer
Games Championship. The starting 17 cards by the hand card will be transformed
into 0–53 coding sequence. And according to the requirements of the competition
in the “DEAL A+ hand card code” formate, the hand card in A (or B, C, one of the
three game locations) is 44557TTJJJQQKKKAD, and the final result is called the
Dizhu called 3 points, as shown in Fig. 3.7. “DEAL B3,” in the coded form of a
hand card that needs to be called 35,8,41,34,30,18,6,11,39,44,43,38,53,42,32,4,31,
The output is “BID B3” indicates that when the starting as 44557TTJJJQQKKKAD
in the B position, CNN call system gives a call score of 3. Obviously, this score will
be directly selected as the Dizhu in the game.

The bidding system is used in the exe which contain the whole part of Do Dizhu
AI. The platform open the exe file andmakes the exe interact with the platform during
the competition. Figure 3.8 shows the game of the platform. During the match, the
platform will open the three players’ fighting master AI and completes the match.
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Fig. 3.7 Bid 3 for test card

Fig. 3.8 Game chart

At the left, right and bottom of the platform represent the hand card and the card
information of the AI program of the three players, and the “8, K, J” above represents
the card that has been distributed to Dizhu. The platform‘s interactive information
is displayed in the communication box shown in Fig. 3.9. Our design of the bidding
system can give a more accurate initial hand card evaluation in the competition,
which contribute to the award a lot.

We extract a total of 100,000 real information from the original data as a compar-
ison, using the bidding system to evaluate the same 100,000 sets of initial hand cards,
the accuracy of which is more than 80%. Considering that human players will affect
their bidding scores in real poker environments because of their opponent’s score,
this accuracy indicates that the system has basically gained the ability of bidding like
human being.
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Fig. 3.9 Communication
between AI program and
platform

3.5 Summary

This paper combines the CNNmodel and the bidding system tomake the CNNneural
network obtain the characteristics of the initial hand card through the self-designed
hand card input format. Finally, the CNN neural network is used to predict the result
of bidding the initial hand card. This is used in the competition effectively.
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Chapter 4
Research on the Evaluation of “Special
Delivery Classroom” to Promote
the Children Development in Weak Rural
Schools

Xiaoxia Li and Wanxia Zhu

Abstract Around the “high-quality and balanced development of compulsory
education,” the experiments and practical explorations have been carried out all
over the country, including special delivery class, famous teacher class, and famous
school classroom. However, there have been a lack of professional researches on the
impact of “three classrooms” on rural children. Based on this, this study carried out an
evaluation study on the theme of “special delivery classroom and rural children devel-
opment.” This study constructs an index system for rural children development, then
tests 1068 students in rural schools in Chongyang County, Hubei Province. Finally,
based on the evaluation results, some suggestions are put forward.

4.1 Introduction

Under the background of the new era, the “high quality and balance” oriented by
“fairness and quality” is an important task and goal of the development of compul-
sory education, which is highly valued by the party and the government [1]. In order
to implement the national call for “high-quality and balanced development of educa-
tion,” local governments at all levels have carried out a lot of beneficial explorations
in helping rural weak schools “open up all, enough and good classes.” Some coun-
ties in China have actively carried out the experimental and practical exploration of
“educational informatization helps rural children development,” and has achieved
certain results. For example, at the end of 2015, the “special delivery classroom”
mode has been implemented in Chongyang County, Hubei Province, which was
widely concerned by the society and news media. The “special delivery classroom”
refers to a mode that in order to solve the problems of “incomplete, insufficient,
and poor” quality courses such as music and art in weak rural schools, the network
is used to realize the interconnection between teachers and students in many weak
rural schools, and the lecturer teachers teach students from multiple teaching points
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(generally 2 or 3). At present, there is a lack of evidence-based scientific evaluation
research on the “special delivery classroom” model to promote the rural children
development.

4.2 The Component Dimensions and Evaluation
Framework of Rural Children Development

4.2.1 The Component Dimensions of Rural Children
Development

This studymainly uses themethods of literature, in-depth interviewandDelphi expert
consultation to construct the component dimensions of rural children development.
The final evaluation index of rural children development consists of three first-level
dimensions, and each level dimension consists of several secondary dimensions. The
three first-level dimensions are psychological development, behavior development,
and art subject basic literacy. The secondary dimension of psychological develop-
ment dimension is self-esteem, core self-evaluation, life satisfaction, and emotional
resilience; the secondary dimension of behavior development dimension is interper-
sonal communication ability, daily behavior, and interest specialty; the secondary
dimension of art subject basic literacy dimension is music and art subject basic
literacy.

4.2.2 Evaluation Framework

This study mainly uses the research method of “education quasi experiment” to eval-
uate the effect of “special delivery classroom” mode on promoting the rural children
development. By comparing the results of each evaluation dimension between the
experimental group and the control group, this paper analyzes the influence of the
“special delivery classroom” mode on children development.

4.3 Evaluation Tools, Survey Sample and Reliability
and Validity of the Scale

4.3.1 Source and Revision of Evaluation Tools

The self-esteem scale is a Chinese version of the self-esteem scale (SES) (Rosenberg
1965) compiled by Xiangdong Wang [2]. The core self-evaluation scale comes from
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the core self-evaluation scale revised byDr.Wenzhu Chen on the basis of the Chinese
version of CSES revised by JianZheng Du and tested by the students in rural teaching
spots [3]. The life satisfaction scale is derived from the life satisfaction scale of
young students compiled by Dr. Wenzhu Chen on the basis of the life satisfaction
scale of young students compiled by Xinggui Zhang and then revised and tested the
life satisfaction scale of rural teaching students. The emotional resilience scale was
developed by Dr. Wenzhu Chen on the basis of the adolescent emotional resilience
questionnaire compiled by Zhang and Lu [4], and revised and tested the emotional
resilience scale of rural students. The interpersonal communication ability scale is
derived from doctoral thesis of Wenzhu Chen. On the basis of the sub-scale of social
intelligence scale for primary school students compiled by Zaihua Liu, Dr. Wenzhu
Chen revised and tested the interpersonal ability scale of rural students. Based on
Achenbach, Rutter, Conners children’s behavior scale, and “primary school students
daily behavior standard,” the daily behavior scale was revised and tested by Dr.
Wenzhu Chen. The interest specialty scale was developed by Dr. Wenzhu Chen and
tested by the rural students. The art subject basic literacy scale self-designed.

4.3.2 Survey Sample

In the survey, this study evaluated the respondents through the combination of tablet
computer test and paper-based questionnaire. Finally, 1068 valid student samples
were collected.

4.3.3 Reliability and Validity of the Scale

In this study, confirmatory factor analysis and internal consistency reliability analysis
were carried out on the data of formal survey. The results of model fitting index and
internal consistency coefficient of confirmatory factor analysis of self-esteem scale
were as follows: The ratio of chi-square to degree of freedom (CMIN/DF), Root
Mean Square Residual (RMR), Goodness of Fit Index (GFI), Adjusted Goodness of
Fit Index (AGFI), Normed Fit Index (NFI), Comparative Fit Index (CFI), Root Mean
Square Error of Approximation (RMSEA), and Cronbach’s Alpha [5] were, respec-
tively, 0.830, 0.01, 0.999, 0.995, 1.000, 0, 0.651. The internal consistency coefficient
of “core self-evaluation” scale was 0.667. The results of model fitting index and
internal consistency coefficient of confirmatory factor analysis of life satisfaction
scale were as follows: CMIN/DF, RMR, GFI, AGFI, NFI, CFI, RMSEA, and Cron-
bach’s Alpha were, respectively, 2.386, 0.025, 0.987, 0.977, 0.970, 0.982, 0.036,
and 0.771. The results of model fitting index and internal consistency coefficient of
confirmatory factor analysis of emotional resilience scalewere as follows:CMIN/DF,
RMR, GFI, AGFI, NFI, CFI, RMSEA, and Cronbach’s Alpha were, respectively,
1.512, 0.026, 0.995, 0.989, 0.981, 0.993, 0.022, and 0.607. The results of model
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fitting index and internal consistency coefficient of confirmatory factor analysis of
behavior development scale were as follows: CMIN/DF, RMR, GFI, AGFI, NFI,
CFI, RMSEA, and Cronbach’s Alpha were, respectively, 2.314, 0.022, 0.990, 0.979,
0.974, 0.985, 0.035, and 0.788. The results of model fitting index and internal consis-
tency coefficient of confirmatory factor analysis of music subject basic literacy scale
were as follows: CMIN/DF, RMR, GFI, AGFI, NFI, CFI, RMSEA, and Cronbach’s
Alpha were, respectively, 2.859, 0.038, 0.996, 0.984, 0.984, 0.990, 0.041, and 0.654.
The results ofmodel fitting index and internal consistency coefficient of confirmatory
factor analysis of art subject basic literacy scale were as follows: CMIN/DF, RMR,
GFI, AGFI, NFI, CFI, RMSEA, and Cronbach’s Alpha were, respectively, 0.932,
0.016, 0.999, 0.996, 0.998, 1.000, 0, and 0.624. It can be seen that the above scales
have good model fitting degree and internal consistency reliability.

4.4 Evaluation Results and Analysis

4.4.1 The Difference Test Results of Variable Results
in the Dimension of “Psychological Development”

In this study, the “psychological development” dimension includes four sub-
dimensions: self-esteem, core self-evaluation, life satisfaction, and emotional
resilience. In the four dimensions, the level of the intervention group of “special
delivery classroom” mode is significantly higher than that of the traditional mode
intervention group (see Table 4.1).

4.4.2 The Difference Test Results of Variable Results
in the Dimension of “Behavior Development”

In this study, the “behavior development” dimension includes three sub-dimensions:
interpersonal communication ability, daily behavior, and interest specialty. The level
of “interpersonal communication ability” and “interest specialty” in the intervention
group of “special delivery classroom” mode was significantly higher than that of
traditional group. However, there was no difference between the two groups in the
dimension of “daily behavior” (see Table 4.2).
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Table 4.1 Difference and significance test results of “psychological development” in children
development under “special delivery classroom” project intervention and traditional mode
intervention

Variable Group Sample number Mean Standard deviation P value

meanSE Special delivery
classroom

576 2.964 0.641 0.000

Traditional
classroom

492 2.818 0.581

meanCSE Special delivery
classroom

576 2.941 0.853 0.000

Traditional
classroom

492 2.756 0.836

meanLIS Special delivery
classroom

576 3.098 0.558 0.000

Traditional
classroom

492 2.942 0.552

meanER Special delivery
classroom

576 3.060 0.571 0.001

Traditional
classroom

492 2.944 0.566

Note (1) meanSE—the average score of self-esteem scale; meanCSE—the average score of core
self-evaluation scale; meanLIS—the average score of life satisfaction scale; meanER—the average
score of emotional resilience scale. (2) The scale in the table is Likert four-point scale

Table 4.2 Difference and significance test results of “behavior development” in children
development under “special delivery classroom” project intervention and traditional mode
intervention

Variable Group Sample number Mean Standard deviation P value

meanIC Special delivery
classroom

576 3.097 0.721 0.000

Traditional
classroom

492 2.940 0.708

meanDB Special delivery
classroom

576 3.145 0.782 0.114

Traditional
classroom

492 3.070 0.756

meanIS Special delivery
classroom

576 3.245 0.687 0.001

Traditional
classroom

492 3.103 0.711

Note (1) meanIC—the average score of interpersonal communication ability scale; meanDB—the
average score of core daily behavior scale; meanIS—the average score of interest specialty scale.
(2) The scale in the table is Likert four-point scale
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Table 4.3 Difference and significance test results of “art subject basic literacy” in children
development under “special delivery classroom” project intervention and traditional mode
intervention

Variable Group Sample number Mean Standard deviation P value

meanBML Special delivery
classroom

576 3.835 0.836 0.001

Traditional
classroom

492 3.671 0.799

meanBAL Special delivery
classroom

576 4.241 0.744 0.000

Traditional
classroom

492 3.976 0.859

Note (1) meanBML—the average score of music subject basic literacy scale; meanBAL—the
average score of music subject basic literacy scale. (2) The scale in the table is Likert four-point
scale

4.4.3 The Difference Test Results of Variable Results
in the Dimension of “Art Subject Basic Literacy”

In the dimension of “art subject basic literacy,” the “music and art subjects basic
literacy” in the intervention group of “special delivery classroom” mode were
significantly higher than those of traditional group (see Table 4.3).

4.5 Conclusions and Suggestions

From the evaluation results, the evaluation results of all dimensions (including the
first-level dimension and the second-level dimension) of the “special delivery class-
room” mode intervention group were higher than those of the traditional mode inter-
vention group. Except for the second dimension of “daily behavior,” the results of
other dimensions are significant.

Based on the results and conclusions of this study, the following suggestions are
put forward for the practical work of “informatization helps rural children devel-
opment.” Educational administrators at all levels, principals and teachers of rural
schools, and relevant researchers engaged in rural education research should realize
that “information technology has great potential in promoting the rural children
development,” and attach importance to the role and significance of information tech-
nology, especially the innovative teaching mode based on information technology, in
promoting the development of rural children. It is suggested that the local education
bureaus should carry out the theoretical, and practical exploration of “informatiza-
tion helps rural children development” according to local conditions, based on the
“input–output” evaluation results based on the “special delivery classroom” mode.
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Chapter 5
Research on the Map Construction
of SLAMMobile Robot Based
on the Two-Dimensional Code Correction

Ye Chao, Zhang Yi, Yu Bin, and Xing Bin

Abstract Since the emergence of the concept of Simultaneous Localization and
Mapping (SLAM) in the 1980s, due to its powerful functionality, it has been widely
used in mobile robots, unmanned driving, and other fields. Various related theo-
ries are constantly being improved, especially laser SLAM. However, in complex
applications in real life (such as long and narrow corridors and unstructured work
scenarios), there are still problems such as inaccurate positioning and map ghosting.
In response to this problem, this paper uses a two-dimensional code artificial road sign
as an absolute positioning label, participates in the map optimization laser SLAM
process, strengthens the constraint between the mobile robot’s pose and the map,
and constructs related sensor models. Finally, the article verifies the feasibility and
practicability of the method through experiments.

5.1 Introduction

Mobile robot, also known as Automated Guided Vehicle (AGV), is a high-
performance mobile transportation equipment, mainly responsible for the handling
andmovement of goods, and is used in industry and logistics to build efficient and fast
logistics systems [1, 2]. However, the poor positioning accuracy during the opera-
tion of AGV has always restricted its application inmany industrial environments. At
present, there are many navigation and guidance methods commonly used by AGVs,
such as magnetic guidance, ribbon guidance, laser navigation, GPS navigation, iner-
tial navigation, and QR code label navigation. Among them, the magnetic guidance
method [3] is a relatively mature guidance method at present. The advantages are
low technical cost, but simple functions, low positioning accuracy, and fixed path,
which is difficult to update later; literature [4] uses laser guidance AGV has high
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positioning accuracy, but in some narrow corridors and unstructured work scenes,
there are still problems such as inaccurate positioning and map ghosting. Literature
[5] pointed out that visual guidance AGV takes into account the characteristics of
low cost and high precision. But its technical cost is high, and signal processing is
difficult.

In summary, the single-sensormobile robot navigation andpositioning are difficult
to achieve better results, so this article finally uses a multi-sensor data fusion SLAM
method. Because the two-dimensional code recognition is convenient and easy and
the visual positioning can provide reliable positioning accuracy, this paper uses the
two-dimensional code as an artificial road sign, as a positioning label for absolute
positioning, combining various sensormodels, and optimizing the correlation of laser
SLAMthrough theoretical experiments.Algorithm to further improve the positioning
and navigation accuracy of laser SLAM, so that it can better meet the actual industrial
needs of mobile robots.

5.2 Lidar and Its Error Model

At present, the commonly used sensors of SLAM algorithm are lidar and camera,
which correspond to laser SLAM algorithm and visual SLAM algorithm, respec-
tively. Although lidar is much more expensive than cameras, it is currently more
widely used in industry because of its high measurement accuracy and stable
measurement performance. Laser SLAM has developed relatively rich theoretical
research results so far, but there are still problems in actual applications such as insuf-
ficient positioning accuracy and inaccurate map construction, which have brought
certain obstacles to robots in performing related tasks.

The lidar model used by the laboratory mobile robot is RPLIDAR_S1. It scans
the surrounding environment with a fixed angular resolution during work. After
scanning 360°, a set of point information (including distance and included angle) of
the surroundingobstacles relative to the current position canbeobtained.These points
can be used in the lidar coordinate system which is expressed in polar coordinates.
A group of data points collected by lidar at time t can be expressed in the form of a
set {pt}, as shown in Eq. (5.1).

{pt} = {(
ρi
t , α

i
t

)|i = 1, 2, 3 . . . , n
}

(5.1)

In the formula, ρi
t is the distance of the point obtained by the ith measurement

of the laser beam when the lidar is scanning at time t; αi
t is the measurement angle

corresponding to pointρi
t ;n is the scanning at time t the total number ofmeasurements

at the time.
Figure 5.1 is the observationmodel of lidar, wherewx Owy is theworld coordinate

system, Lx OLy is the lidar coordinate system, assuming that the vector of the lidar
scanning pose at time t in the world coordinate system is expressed as xL , as shown
in Eq. (5.2).
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Fig. 5.1 Laser observation
model

xTL = (xLt yLt θLt ) (5.2)

Suppose that the laser observes the environmental feature point Pi for the ith
time, and the pose information of this point measured by the radar is (ρi

t , a
i
t ), which

is expressed in the form of Cartesian coordinates, as in Eq. (5.3).

β i
t =

[
xit
yit

]
= ρi

t

[
cosαi

t

sin αi
t

]
(5.3)

Assuming that the actual coordinates of the feature point Pi in theworld coordinate
system are (xi , yi ), and the observation equation of the lidar can be expressed in the
form of formula (5.4).

[
ρi
t

αi
t

]
=

[√
(xLt − xi )

2 + (yLt − yi )
2

arctan yLt−yi
xLt−Xi

]

+ vt,i (5.4)

Equation (5.4) is the observation equation of the radar in the world coordinate
system. Solving this equation can get the pose of the mobile robot in the world
coordinate system.

However, the data observation model of the above formula is under ideal condi-
tions without considering the noise error of the lidar. In actual use, the lidar will
be affected by random noise and deviation. If the influence of noise is taken into
account, the distance of the ith measurement point collected by the lidar at time t can
be expressed as the following form.
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ρi
t = Di

t + ερ (5.5)

Equation (5.5) ρi
t is the measured value of laser distance; Di

t is the true value of
distancemeasurement; ερ is the noise term, and its value obeysGaussian distribution.

Similarly, the angle information measured by the laser is also affected by noise.
Adding the noise term, the radar measures the angle of the ith measurement point
collected at time t, which can be expressed as.

αi
t = ϕi

t + εa (5.6)

In the formula, αi
t is the measured value of the laser angle; ϕi

t is the true value of
the angle; εa is the noise item of the radar angle measurement, and its value obeys
the Gaussian distribution with zero mean.

Substituting (5.5) and (5.6) into Eq. (5.3) can obtain the Cartesian coordinate form
of the measuring point in the case of noise considerations [6], as shown in Eq. (5.7).

β i
t =

[
xit
yit

]
= ρi

t

[
cosαi

t

sin αi
t

]
= (

Di
t + ϕi

t

)[ cos
(
ϕi
t + εa

)

sin
(
ϕi
t + εa

)
]

(5.7)

5.3 Integration of QR Code Information

The typical framework of a modern SLAM system is shown in Fig. 5.2. The front end
of SLAM is mainly used to estimate the local consistency of robot motion, and the
back end is used to estimate the global consistency of robot motion. For laser SLAM,
data association is the core work. Data association is the one-to-one correspondence
between the laser radar scan data and the objects or features in the real world to
establish an inter-related relationship to determine the relative pose of the robot.

After the feature matching is successful, it is necessary to estimate the transfor-
mation of the robot’s relative pose. The common algorithm steps are as follows, by
constructing the least square objective function, using an iterative method to solve,
as shown in Eqs. (5.8) and (5.9).

Fig. 5.2 Modern SLAM system framework
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P̂ i
t = RPi

t+1 + t (5.8)

argmin
R, t

I =
n∑

i=1

∣∣∣P J (i)
t − P̂ i

t

∣∣∣
2

(5.9)

In the formula, Pi
t+1 is the feature extracted from the scanned data at time t +

1; P̂ i
t feature Pi

t+1 is projected to the coordinates in the coordinate system at time t;

P J (i)
t . The feature that matches Pi

t+1 extracted from the scan data at time t.
However, in complex applications in real life (such as long and narrow corridors

and unstructured work scenarios), there are still problems such as inaccurate posi-
tioning and map ghosting. Therefore, this article uses the two-dimensional code as
the artificial road sign, as the positioning label for absolute positioning, combined
with the laser radar observation model, and optimizes the relevant algorithms of
laser SLAM through theoretical experiments and other methods to further improve
the positioning and navigation accuracy of laser SLAM.

The camera adopts a QR code dedicated camera (AGV50F-15, Scanning
frequency is 50 Hz), which is installed at the geometric center of the robot, 15 cm
from the ground, and contains QR code processing library, which can obtain the
distance and pose information of the QR code label relative to the AGV. The specific
observation model is as follows. The world coordinate system (reference coordinate
system) is established with the center of the QR code as the origin, and the camera
coordinate system is established with the camera imaging plane as the origin. One
point in the world coordinate system (xw, yw, zw) can be in the camera coordinate
system. Expressed as:

⎡

⎣
X
Y
Z

⎤

⎦ = [R|t] ∗

⎡

⎢⎢
⎣

Xw

Yw

Zw

1

⎤

⎥⎥
⎦ (5.10)

Among them, the R and T matrices are the external parameter matrices of the
camera, whereR is the rotationmatrix and T is the translationmatrix. The conversion
relationship from theworld coordinate system to the pixel coordinate system is shown
in formula (5.11):

Z

⎡

⎣
μ

v

1

⎤

⎦ =
⎡

⎣
1/dx 0 μ0

0 1/dy v0

0 0 1

⎤

⎦ ∗
⎡

⎣
f 0 0
0 f 0
0 0 1

⎤

⎦ ∗ [R|t] ∗

⎡

⎢⎢
⎣

Xw

Yw

Zw

1

⎤

⎥⎥
⎦ (5.11)
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5.4 Correction Graph Optimization Algorithm Principle

The optimization-based SLAM theory algorithm has attracted more and more atten-
tion from the academic community. The theory expresses the robot’s pose and its
observation data in the form of a graph structure and then continuously optimizes
the configuration of the graph. The final graph configuration is regarded as the
SLAM problem solution. The article briefly introduces the general SLAM method
of graph optimization modeling in the second section. This section will continue to
analyze how to fuse the observation information of the QR code and participate in
the front-end graph construction process.

Closed-loop detection is an important part of the graph optimization SLAM
method, because it can greatly improve the inconsistency of the constructed map.
However, the laser closed loop is difficult to match the correct closed loop in
a monotonous scene, especially in a narrow corridor or a symmetrical environ-
ment. Because the two-dimensional code contains uniquely identified information,
it can overcome the aforementioned shortcomings and find the correct closed loop,
so this article adopts the graph optimization SLAM method that incorporates the
two-dimensional code information. The improved graph optimization framework is
shown in Fig. 5.3. This article adds the detection of the QR code within the frame-
work of the traditional laser odometer model. When a new QR code is detected, the
current node and QR code information are saved. When the same two-dimensional
code is repeatedly detected, a closed-loop signal is generated for the closed-loop
detection of the front end to improve the robustness of the closed-loop detection.

If the location of the landmark points is determined at the same time in the posi-
tioning process, a feature map with landmark points as the characteristic can be
established. In the front end of graph optimization, the relationship between nodes
and edges is established, and the back end needs to optimize the configuration of the
graph. Let C = (C1,C2, . . .C3) is the node pose we need to optimize:

Ci = [
t Ti , θi

]T = [xi , yi , θi ]
T (5.12)

Fig. 5.3 QR code improvement framework
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In the formula, ti , θi are the position coordinates and direction angle of the robot
on the map, respectively.

For the constraints between the ith and jth nodes, the relative transformation
relationship between the two nodes is:

Zi j

∧(
Ci ,C j

) =
[
Rt
i

(
t j − ti

)

θ j − θi

]
(5.13)

Ri is the cosine matrix related to θi .The total error function of all edges can be
obtained:

F(c) =
∑

i j

eTi jϑi j ei j =
∑

i j

Fi j (5.14)

where ϑi j represents the covariance matrix between ci , c j . Our optimization goal is
to find the optimal pose configuration to minimize the overall error function:

c∗ = argmin F(c) = argmin
∑

i j

eTi jϑi j ei j (5.15)

According to the initial node pose estimation, theGauss–Newton iteration strategy
is used to obtain the numerical solution of the above formula. Let the initial estimate
be ĉ, c1, c2 are the initial estimates of the ith and jth nodes, respectively. The iterative
strategy is to linearize the error function near the initial estimated value, seek the
optimal solution of the linear system to approximate the estimation, and gradually
approach the optimal solution of the nonlinear system through iteration.

ei j
(
ci , c j

) = ei j
(
ci
∧ − 	ci , c j

∧ − 	c j
) = ei j

(
ĉ + 	c

) ≈ ei j + Ji j	c (5.16)

where Ji j − ei j (c) is the Jacobian matrix at ĉ. The new approximate solution after
solving is:

c∗ = ĉ + 	c (5.17)

After finding H and b at the initial point in each iteration, sparse Cholesky can
be used to decompose the linear equation, and then c* can be updated with c. The
actual solution process can use the CSparse library [7] to provide an understanding
method.
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5.5 Correction Graph Optimization Algorithm Principle

After constructing a map through the SLAM algorithm, the robot can use the map
to perform navigation tasks. The higher the positioning accuracy of the SLAM algo-
rithm, themore accurate themap constructed, and the higher the accuracy of the robot
when performing navigation tasks. This paper uses ROS as the software platform to
realize the graph optimization SLAM that integrates the observation information of
the QR code; finally, the QR code is used as the initial estimation of the robot’s pose,
and the location of the QR code in the map is set as the navigation target to complete
the navigation task. The robot’s navigation accuracy is used to indirectly measure
the effect of SLAM algorithm positioning and map construction.

According to different robot navigation strategies, the working environment is
divided into two types. Among them, for continuous storage shelves, the two-
dimensional code navigation method is directly adopted [8]. As shown in Fig. 5.4,
the shelves are continuously and evenly distributed, and the QR code is pasted in the
middle of the shelves at a certain distance.

The second is the graph optimization SLAM for QR code correction, which is
the main work of this article. The specific experimental environment is shown in
Fig. 5.5. The QR code labels are arranged in advance at key positions of the path to
assist the graph optimization SLAM closed-loop detection. The above two kinds of
experimental tests use the two-dimensional code mobile robot independently devel-
oped by the laboratory, and the experimental environment is part of the laboratory
simulation.

Fig. 5.4 Dense storage
environment

Fig. 5.5 Complex corridor
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Figures 5.6 and 5.7 are the mapping results of SLAM experiment two. Figure 5.6
shows the result of pure laser mapping. As the composition progresses, due to the
sensor error, the map appears inconsistent within the marked frame. And Fig. 5.7
is the result of optimizing the laser SLAM according to the graph fused with the
observation information of the QR code used in this article. The green punctuation

Fig. 5.6 Laser mapping

Fig. 5.7 Two-dimensional
code fusion mapping
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is the QR code pasted on the ground. When the same QR code is detected for the
second time, the closed-loop signal is activated to complete the optimization of the
laser closed-loop, and the pose is corrected in the process of map optimization. The
subsequent trajectory has a higher degree of overlap with the original trajectory, so
the map consistency will be better.
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Chapter 6
Research on Intelligent Security System
of Online Car Based on Computer Vision

Hetao Sun and Jianyong Zhong

Abstract The online car is the product of the “Interonline+ ” era. As a new city
intelligent transportation mode, it breaks the old interest pattern and the barrier of
taxi industry based on franchise. In recent years, the number of online car Hailing has
increased sharply. However, due to the lack of effective supervision means, security
problems have gradually emerged, such as rape, robbery, intentional injury, intim-
idation, abuse of passengers and other incidents. In order to solve this problem,
this project proposes an intelligent security system for online car Hailing based
on machine vision, constructs an advanced machine vision solution framework,
and introduces graphics and image processing technology and machine learning
abnormal behavior intelligent warning model. At the same time, combined with the
embedded technology, it can automatically warn the abnormal behavior in the online
car Hailing and quickly access the manual intervention and alarm, so as to timely
detect the security threats and potential dangers in the process of taking the bus, so
as to realize the purpose of protecting the safety of the online car Hailing passengers.

6.1 Introduction

The online car is the product of the “Interonline plus” era. As a new city intelligent
transportation mode, it breaks the old interest pattern and the barrier of taxi industry
based on franchise. In recent years, the number of online car Hailing has increased
sharply. However, due to the lack of effective supervision means, security problems
have gradually emerged, such as rape, robbery, intentional injury, intimidation, abuse
of passengers, and other incidents [1]. In order to solve this problem, this project
proposes an intelligent security system for online car Hailing based on machine
vision, constructs an advanced machine vision solution framework, and introduces
graphics and image processing technology and machine learning abnormal behavior
intelligent warning model. At the same time, combined with the embedded tech-
nology, it can automatically warn the abnormal behavior in the online car Hailing

H. Sun (B) · J. Zhong
Jiaxing Vocational and Technical College, Jiaxing 314036, China
e-mail: zkweng19@163.com

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
L. C. Jain et al. (eds.), Wireless Technology, Intelligent Network Technologies, Smart
Services and Applications, Smart Innovation, Systems and Technologies 258,
https://doi.org/10.1007/978-981-16-5168-7_6

43

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5168-7_6&domain=pdf
mailto:zkweng19@163.com
https://doi.org/10.1007/978-981-16-5168-7_6


44 H. Sun and J. Zhong

and quickly access the manual intervention and alarm [2], so as to timely detect the
security threats and potential dangers in the process of taking the bus, so as to realize
the purpose of protecting the safety of the online car Hailing passengers [3–5]. The
number of online car Hailing has increased dramatically, and the coverage period and
coverage area have also greatly increased. Security problems have emerged gradu-
ally, such as rape, robbery, intentional injury, intimidation, abuse, beating passengers,
drunk driving, drunk driving, and driving after poisoning [6, 7].

From the perspective of online car Hailing platform, CEO Cheng Wei of Didi
company realized that Didi needed to make up lessons after he walked alone in
Wulin by way of subsidy. In 2018, the company’s overall strategy has shifted to
“cultivating internal strength,” from simple growth indicators to safety, experience
and efficiency. However, Meituan and Gaode saw that Didi company used a lot of
funds to seek strategic transformation to break through the bottleneck, and other
aspects were weak. At this time, Meituan and Gaode entered the online car Hailing
market in the form of capital to start a new round of “subsidy war.” Our country has
entered the stage of consumption upgrading. The simple price war makes enterprises
too busy to cope with it. It is difficult to calm down to improve the management
level and service quality, which is not conducive to the healthy development of the
industry. After the high price subsidy of online car Hailing industry was stopped,
there was a lack of other effective means of competition in the industry, and there was
a lack of ways to improve user experience. Meituan and Gaode were in a dilemma.
Didi company was tired of transformation and upgrading and needed to update its
competitive chips. Solving such security problems will undoubtedly be an effective
way to enhance competitiveness and lead the industry to upgrade security [8].

6.2 The Proposed Framework

Computer vision system uses machine instead of human eyes to make various
measurements and judgments. As a branch of computer science, it integrates optics,
machinery, electronic computer, and other technologies. The core of this project is
to apply machine vision to monitor abnormal human behavior in online car Hailing.
The intelligent security system of online car Hailing based on machine vision uses
the advanced machine vision algorithm architecture, combines big data analysis and
machine learning abnormal behavior intelligent early warning model to early warn
the high abnormal behavior in the car, and quickly carry out manual intervention and
alarm, so as to timely discover and avoid the safety threats and safety hazards in the
process of riding. The overall framework of the project is shown in Fig. 6.1.
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The driver of online car 
Hailing should install image 

acquisition equipment, and the 
equipment should be normal 
and free of obstruction before 
opening the online car Hailing 

app to receive orders.

After taking the online car, the 
image is uploaded to the server 
through 5G network. If there is 
no image input for a long time,
it will be switched into manual 

mode.

In case of abnormal behaviors 
such as improper physical 
contact or camera blocking 

between passengers and 
drivers, the platform will 

automatically carry out high-
risk warning, and the server 

will contact the parties 
concerned for verification.

If the threat is verified to be 
true or can not be contacted,

the police will be called 
automatically.

Fig. 6.1 Framework of our proposed method

6.2.1 Software Module of the System

From the perspective of fixed scene and single recognition object, we hope to develop
a better recognition method for human abnormal behavior in specific scenes. There-
fore, this project designs a recognition method of abnormal behavior in vehicle with
has high recognition accuracy, low computational complexity, and strong portability,
which is based on fusion features.

Firstly, the input video sequence is divided into several spatiotemporal volumes.
Secondly, the motion difference image (MDI) is extracted by inter-frame difference.
For eachMDI, the histogram features of gradient direction are extracted and normal-
ized as the overall feature descriptor. At the same time, the scale invariant feature
is extracted from each frame transform (SIFT) local features, where D(x, y, σ )

represents the motion difference image, k is the difference coefficient, G(x, y, kσ)

and L(x, y, kσ) represent the differential processed image, and I(x,y) indicates the
original image:

D(x, y, σ ) = [G(x, y, kσ) − G(x, y, kσ)] ∗ I (x, y)

= L(x, y, kσ) − L(x, y, σ ) (6.1)

Through bag of visual word (BoVW)model to encode SIFT features and then fuse
the features. Finally, support vector machine (SVM) is used to judge the abnormal
behavior of the fused features, where ω indicates hyper-plane normal vector, C
indicates the number of classes, and ξ indicates the regularization coefficient:

min
w,b

1

2
‖ω‖2 + C

N∑

i=1

ξi

s.t. yi (ω
T Xi + b) ≥ 1 − ξi (6.2)

The process framework of this method is shown in Fig. 6.2.
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Fig. 6.2 Process of human
abnormal behavior
recognition framework
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6.2.2 Hardware Module of the System

In the design of vehicle data acquisition terminal, tiny210 core board is used. The
core board is equippedwith S5PV210 processor. At the same time, it is equippedwith
a 512MBNANDflash chip and four 32-bit DDR2DRAM. The 5Gwireless commu-
nication adopts sim7600ce communication module, with the maximum uplink speed
of 50 Mbps and the downlink maximum speed of 150 Mbps, and supports TCP/IP
and PPP communication protocols. Sim7600ce is directly connected with USB2 port
of the processor, and the working voltage is 4.2 V. With the powerful data transmis-
sion ability of 4Gwireless communication module, the sim7600ce can communicate
with the server-side network car Hailing security center in real time. Beidou posi-
tioning module adopts um220 module of Hexin satellite communication company.
The module supports BD2 and GPS independent positioning and multi-system joint
positioning and uses serial communication mode to communicate with s5pv210
processor. The overall block diagram of system hardware is shown in Fig. 6.3.

6.3 Experimental Result

In the experiment, we use four video clips of driving behavior collected by ourselves
to test. The test hardware environment is CPU i7 9700, RAM 32G, and GPU
GTX1080ti. The experimental result is shown in Fig. 6.4. The green parts indicate the
normal frames in one clip. On the contrary, the red parts indicate the abnormal frames
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Fig. 6.3 Overall block
diagram of system hardware
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Fig. 6.4 Experimental result on four video clips

in the clips. The second row of each sub-figure represent the proposed method’s
performance in four clips. It is not difficult to find that the proposed method can
detect the occurrence of abnormal behavior more accurately.

6.4 Conclusions

This paper proposes an intelligent security system of online car based on computer
vision. Through video image acquisition, combined with machine vision technology,
this project can identify and early warn the abnormal behavior of human body in the
car, and quickly carry out manual intervention and alarm, so as to avoid the risk at
the first time and ensure the life and property safety of online car Hailing passengers.
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Chapter 7
Research on the Design of Mobile APP
Product—Taking ‘Wei Weather’ APP
as an Example

Zhaoyuan Song and Shui Jin

Abstract Through the summary and combing of the guiding ideology and experi-
ence in the design concept and design practice process in the six aspects of functional
design, visual design, interaction design, interface design, and icon design in the “Wei
weather” mobile phone APP, a mobile APP product is obtained. Every link in the
design process should be based on demand, everything should be user-centric, and
user experience should be emphasized.

7.1 Introduction

With the rapid development of Internet technology and the popularization of smart
phones, mobile phones have become an indispensable part of people’s daily lives.
At the same time, mobile apps have also been widely used, making people’s lives,
work, and learning more convenient and efficient. In a digital age, people can use
mobile phones to socialize, shop, obtain information, etc. Weather apps have greatly
changed the way of obtaining weather information in the past and can disseminate
weather information more timely and conveniently, and integrate social, sharing, and
life information features greatly improve the quality of life and travel of users.

“Wei Weather” is a weather app designed for people who often go out for work,
business trips, and travel. From the needs of users, it focuses ondisseminatingweather
information, integrating social networking, sharing, and other functions. The purpose
is to improve people’s quality of life in the Internet age, new technology, new ideas,
and new aesthetics. This article will take the “Wei weather” APP as an example and
conduct the following research on the design of mobile APP products.
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7.2 Functional Design

The design of the functional modules should be user-centric, and in the current
situation where there are many APP products and the market is becoming saturated,
it conforms to the user’s habits and satisfies the user’s function of obtaining weather
information. The main functional modules of “Wei Weather” are:

7.2.1 Log in to the Registration Module

This module meets the functions of new user registration and user login and can
realize the storage and update function of user information. According to the regis-
tration and login information, it can meet the needs of users of different genders,
occupations, and ages for weather information.

7.2.2 “My” Module

It includes functions such as location, footprint, message, etc. Users can locate and
understand the surrounding weather information in real time and find surrounding
destinations to meet the needs of work and life. Footprints display travel informa-
tion for users. The message bar can accept platform pushes and nearby people’s
information. Messages and users can socialize and ask for information.

7.2.3 “Home” Module

The homepage is the core functional module, which must meet the user’s needs
for weather information. This module focuses on displaying weather information,
divided into four categories: temperature, precipitation, wind, and humidity. It is
as simple and concentrated as possible to accurately and quickly convey weather
information to users, to clearly communicate the temperature of each period of the
day, the highest temperature and the lowest temperature today, whether there is
precipitation and the expected precipitation, wind speed, air humidity, and avoid
excessive classification to cause amessy experience for users, and improve the quality
of users’ outings.
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Fig. 7.1 Functional information architecture diagram

7.2.4 “Discover” Module

In addition to the function of disseminating weather information, users also have
certain needs for other functions. “micro-weather” focuses on disseminating weather
information, integrating social networking, sharing, and other functions. Under the
“Discover” module, there are moments, live weather, scenic spots, entertainment,
life, and five categories. In the “moments,” users can share pictures and videos to
provide information to other users near the same place to meet users’ needs for real
weather. Share pictures in real time to understand the real weather conditions and
provide the conditions of nearby scenic spots tomeet the needs of users for leisure and
travel after work trips. The entertainment and life category bar provides users with
nearby food, hotels, convenience stores, coffee shops, and other places. Screening is
carried out to meet the user’s work and life needs and reduce the time for selection.

7.2.5 “Add” Module

This module is used to search and add destinations before traveling and to add cities
in advance to understand weather information to prepare for traveling (Fig. 7.1).

7.3 Visual Design

The visual design of APP includes the interface layout, color, text, visual style of
icons in APP products, etc. “micro-weather” is a weather APP that serves people who
often go out for work, business trips, and travel. Therefore, in the design process,
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consider the age, habits, use experience, use scenarios, and emotional needs of the
user group. Everything is user-centric [1]. A simple page layout is adopted in the
interface layout. The fixed icons are in the same position on all pages. Important icons
always display, the bottom navigationmethod is used to reduce themenu bar asmuch
as possible. The first-level page uses a large picture display layout to have a strong
visual impact, and the second-level page uses a grid display layout to be simple and
clear, which facilitates users to quickly obtain information, not information mixed
and dazzling.

Color is an important part of interface design. Colorwill leave a first impression on
users when they use APP for the first time. Different colors will give people different
feelings: red represents celebration, enthusiasm, and vitality, and orange represents
youth, happiness, and happiness. Sense, yellow represents sunshine, cartoons, blue is
atmosphere, calmness, reason, technology, etc. The color conveys the nature and posi-
tioning of the product. As a weather APP product, the sky, rain, and other elements
will soon be associated with “weather,” as well as technology, network, and other
attributes. Therefore, the color design of “micro-weather” is mainly blue, which
conforms to the attributes of weather apps also give users a sense of sensibility,
safety, and business and increases their attractiveness to target users.

As an important carrier for conveying information, text also plays an important
role in visual design. Different fonts, font sizes, and colors will give users a different
experience and feeling. “Wei weather” uses elegant black fonts with beautiful struc-
ture and fonts. The opening of the middle palace enhances the applicability of the
text and is more suitable for the display of the screen; the round and block shape of
the font is good, the display is clear, and the visual experience is comfortable.

The bottom of the icon is transparent, and the design form adopts a flat design
style, which is easy to understand, simple and direct, and pursues artistic style on the
basis of expressing the basic meaning based on the principle of simplicity and ease
of use, so that users can read and use comfortably experience.

7.4 Interaction Design

Interaction design has changed the tradition of taking objects as objects in industrial
design, graphic design, and space design, directly taking human behavior as design
objects [2]. The five elements of interaction design include people, actions, environ-
ment, tools, and purpose. In the interaction design, the relationship between the user
and the product should be considered, how to trigger feedback, reduce unnecessary
steps, and complete the interactive task the fastest, Improve user experience. With
the gradual increase of APP products, people have become more and more proficient
in the use of APP and have a certain basis for some interactive trigger gestures. There
are many types of gestures: general gestures, simple gestures, complex gestures, etc.,
most ofwhich are triggered gestures serve functions, and some gestures are purely for
fun and artistry. Based on the usage scenario and the user population, “WeiWeather”
should try to conform to the user’s usage habits in the interaction design, use simple
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interactive gestures, reduce the error rate in the operation, and be user-centric. On
the core function page of the “Home” page, a long picture display format is adopted.
Users can swipe with one hand to learn more. Single click to switch the page, double
click to zoom in on the interface information, long press to perform to share infor-
mation, and these interactive trigger gestures can be completed in one action with
one finger. The learning cost is low, and the operation is simple. It fully takes into
account the use scene and purpose of the user when going out, which is the most
convenient and quickest in the unstable use environment to get weather information.

7.5 Interface Design

Interface design is an important part of mobile APP products. The interface is a
medium for users to communicate with APP products, as well as a way of expressing
product cultural connotations and emotions. The interface design directly determines
the quality of the user experience. In the interface design, not only the design layout,
text, color, etc., of the interface itself must be considered, but also the user, including
the user’s experience and learning cost. A good interface design is simple to operate,
clear and easy to understand, and the information is scientific and reasonable, which
makes users feel happy and comfortable. While improving user efficiency, it also
brings users emotional and emotional satisfaction. “micro-weather” interface archi-
tecture The design includes three always-displayed icons: “Home” at the bottom
of the navigation and “My,” “Locating,” and “Add” at the top of “My” to prevent
users from getting lost and quickly return to the home page to find the information
they want. The information arrangement adopts the method of big picture display
and grid display. The large picture display has a strong visual impact. The weather
information is displayed in order of importance on the background picture. The grids
are displayed neatly, which facilitates users to quickly obtain information. Based on
ergonomics, the law of human visual movement is mainly “F” type, that is, when
browsing information, the horizontal movement of the eyes is faster than the vertical
movement. The eyes are used to moving from left to right and from bottom to top.
The observation rate of the content in the interface or plane is in order, the top left
is the best, the second is the top right, the bottom left is again, and the worst is the
bottom right [3]. George A. Miller proposed in 1965 that people can only remember
5–9 things or process 5–9 pieces of information at a time (that is, 7 plus or minus
2), but later researchers such as psychologists Alan Baddeley and Nelson Cowan
showed: The number of information that can be remembered or processed is “4” [4].
“micro-weather” reduces the number of navigation bars at the bottom in the interface
design, avoids unnecessary memory for users, and takes the user’s needs for weather
information as the starting point to reduce the need for other unnecessary navigation
bars and functions.

In the interface design, it is necessary to go through low-fidelity design first
and then carry out high-fidelity design on the basis of low-fidelity. The low-fidelity
frame defines the overall frame of the interface for later high-fidelity production and
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improvement, which is convenient and quick. Some scholars put forward the three
principles of user interface design: placing the interface under the user’s control;
reducing the user’s memory burden; and maintaining the consistency of the interface
[5].

7.6 Icon Design

The icons include startup icons and function icons. The startup icon is the facade of
the APP, which is particularly important to the user’s first impression. The startup
icons of WeChat, Alipay, NetEase Cloud Music, and other APPs have their own
characteristics. Users can quickly remember the product and be accurately grasp
the function and tone of the product. The startup icon of “micro-weather” adopts
the current popular flat design style, with a blue rounded rectangular frame as the
background, abstracting the outline of the sun and cloud elements to summarize the
simple atmosphere.

In the design of function icons, the design of the icons basically adopts the basic
icon elements that users are familiar with, and the icons are mainly linear icons when
they are not clicked, and the click state uses a color-filled form (such as the bottom
navigation icon) in some commonly used icons. The higher-level function icons are
displayed in a face-to-face manner, which is more three-dimensional than linear.
For people who are out for work and business trips, the weather will not prevent
them from going out. Therefore, in the icon design of the weather category, no more
detailed distinctions are made between heavy rain, moderate rain, and light rain. It
just reminds and informs users that there is you need to go out and bring an umbrella
for protection. The basic functional icons are slightly optimized in detail to match
the overall page experience. For example, the lines of the icons are unified with a
thickness of 3 px, the overall specific gravity is slightly larger and heavier, and the
corners and endpoints are rounded to make the graphics more rounded and better.
Integrate into the whole question page design.

7.7 Motion Design

Motion design is the visual top level of interface design. It is an important carrier
that guides and responds to user operations and realizes deep interaction with users.
Motion effect design can attract users’ attention with an interesting visual effect and
improve the user experience when usingAPP. Too little or nomotion effect will make
users boring when using APP products, but too much and too dazzling. The dynamic
effectswill cause users to pay toomuch attention to the dynamic effects and ignore the
main information. Therefore, the dynamic effects should be arranged reasonably in
the animation design, and the dynamic effects should not be overwhelming. “micro-
weather” clearly expresses the level changes of the interface in the animation design,
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so that users can clearly know their own level and understand the transition changes of
the interface. The specific design is switch pages of different levels horizontally, and
enter the first-level page its child page fades in from right to left, the child page also
fades in from right to left when entering the next level of child page, and it fades in
from left to right when returning to the parent page, adopting the design conventions
formed in APP products, respecting a habit developed by the user to complete the
interaction simply and efficiently. Efficiently feedback the user’s operation, so that
the user clearly knows their current state, “Wei weather” involves the acquisition of
the target location information, after the user enters the destination, a confirmation
box to check the information will appear to avoid location errors and confusion If
the two positions are the same, there will be a red reminder sign and a vibrating
box, giving the user clear feedback. To sublimate the user experience and promote
the emotional expression of the APP, “Wei Weather” is a weather APP product that
focuses on weather information. The first thing that appears after entering the home
page is the weather conditions of the destination or the place where it is located,
combined with the weather conditions. An immersive dynamic design, which is
specifically expressed as: rainy dynamic effect is the effect of raindrops falling slowly
and occasionally wetting the phone screen, and sunny dynamic effect is the sun and
a beam of sunlight turns from left to right, conveying the weather interestingly. The
information makes users understand and at the same time adds bright spots to the
APP [6]. Effectively help guide users and reduce users’ learning costs. There are
countless APP products in the market, and many users are often confused. When
logging in and registering, they will use dynamic progress bars and guiding icons to
help users understand the progress of tasks quickly. Complete tasks and reduce user
anxiety. As the “soul” of APP products, motion design is the most eye-catching tool,
and it needs to be the best in a limited area and time.

7.8 To Sum up

With the rapid development of Internet technology and the continuous popularization
of smart phones, mobile APP products are countless in terms of types and quantities,
andmore andmore people are beginning to use mobile APPs to work, live, study, etc.
The user groups cover all kinds of Age group. Mobile APP product design includes
information architecture design, function design, interface design, icon design, inter-
action design, motion design, etc. Each link should be user-centric, starting from the
needs of users, and ending in the user experience of users. The author believes that
the emergence of mobile APP products conforms to the trend of the times, and the
purpose is to improve the convenience of people’s lives. Therefore, in the design of
mobile APP products, we must start from the demand, focus on the user, and pay
attention to the user experience. Serve us better. This article hopes to provide some
new ideas for the design of other mobile phone APP products by analyzing the design
of the “Wei weather” mobile phone APP.
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Chapter 8
A Low-complexity Tensor Completion
Scheme Combining Matrix Factorization
and Smoothness

Leiming Tang, Chuang Yang, Zheng Wang, and Xiaofei Zhang

Abstract In this paper, the low-complexity tensor completion (LTC) scheme is
proposed to improve the efficiency of low-rank tensor completion with competitive
performance, which consists of the smoothmatrix factorization (SMF)model and the
corresponding alternating direction method of multiples (ADMM)-based solution.
As for the SMF model, on one hand, we adopt the matrix factorization into the
model of low-rank tensor completion for complexity reduction.On the other hand,we
introduce the smoothness by total variation regularization and framelet regularization
to guarantee the completion performance. To solve the SMFmodel, anADMM-based
solution is further proposed to realize the efficient and effective low-rank tensor
completion. Finally, simulation results are presented to confirm the system gain of
the proposed LTC scheme in both efficiency and effectiveness.

8.1 Introduction

As a natural form to express more complicated intrinsic structures of higher-mode
data, tensor hasmany applications in various research fields, such as video inpainting,
and signal reconstruction. Low-rank tensor completion (LRTC) aims to recover the
incomplete tensor data, which exploits the low rank prior of tensor to estimate the
missing entries. Specifically, the fundamental problem of LRTC heavily lies on how
tominimize the targeting tensor rank,which has not been officially defined yet. To this
end, the Tucker-rank is generally accepted to serve as the alternative of tensor rank.
Although minimizing Tucker-rank is still NP-hard, it can be relaxed in the convex
way by sum of nuclear norm (SNN) since the tightest surrogate of the matrix rank is
the nuclear norm.Based on the property of SNN,Liu et al. [1] proposed threemethods
(SiLRTC, HaLRTC, and FaLRTC) for tensor completion. Unfortunately, minimizing
SNN requires to calculate singular value decomposition (SVD) iteratively, which is
complexity exhausted. Meanwhile, only considering the low-rank prior may results
in inevitable performance degradation with the decrement of the sampling rate.
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Besides the low-rank structure, smoothness also plays an important role in LRTC
for tensor recovering. In order to improve the performance, the total variation (TV) [2]
can be used to impose piecewise smoothness constraints. Yokota et al. [3] proposed
LRTV-PDS to minimize the tensor nuclear norm and TV simultaneously to improve
the tensor completion quality. In particular, the TV regularization usually leads to
staircase effect [4], which may cause the possible loss of information and geometric
features in practice. For this reason, the framelet regularization can be further applied
to avoid the possible performance degradation.

In this paper, the low-complexity tensor completion (LTC) scheme is proposed to
improve the efficiency of LRTC. The proposed LTC mainly consists of two parts—
the smooth matrix factorization (SMF) model and the alternating direction method
of multiples (ADMM)-based solution. As for the SMF model, firstly, the matrix
factorization is introduced into SNN to exploit the low-rank structure of the entire
tensor. By factorizing matrices, the computational complexity in calculating SVD
can be significantly reduced, which leads to efficiency improvement. Secondly, to
guarantee the effectiveness of tensor completion, the TV is applied to utilize the
smoothness along the space dimension. Finally, to address the staircase effect of
TV, the framelet regularization is further used to preserve the information due to its
redundancy.Given the proposed SMFmodel, we also give an effectiveADMM-based
algorithm to solve it. As shown in numerical experiments, our proposed LTC scheme
can achieve a better trade-off between performance and complexity for LRTC.

8.2 Low-rank Tensor Completion

The purpose of LRTC is to recover the incomplete tensor. Mathematically, the LRTC
problem can be written as

min
X

rank(X ), s.t.X� = T�. (8.1)

Here X is the targeting tensor, T is the observed tensor, and � is the index set of
available entries.

Based on Tucker-rank, Liu et al. [1] developed a theoretical framework for LRTC
and proposed SNN, a definition of the nuclear norm for tensors. The corresponding
weight value ωi of the mode-i unfolding matrix X(i) is introduced, and the LRTC
model can be written as

min
X

N∑

i=1

ωi

∥∥X(i)

∥∥∗, s.t.X� = T�. (8.2)

In order to solve this LRTC model, Liu et al. [1] proposed three corresponding
algorithms (SiLRTC, HaLRTC, and FaLRTC) for tensor completion.
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8.3 The Proposed SMF Model

In this paper, the proposed LTC scheme is presented, which consists of the SMF
model and the ADMM-based algorithm. We first introduce the SMF model in this
section. Considering a three-way tensor X ∈ R

n1×n2×n3 , the proposed SMF model is
as following:

min
X

3∑

i=1

ωi‖Ri‖∗ + λ1

∥∥WXT
(3)

∥∥
1,1

+ λ2

∥∥DSX(3)

∥∥
1,1,

s.t. X� = T�, X(i) = Li Ri , Li ∈ St(Ii , si ), i = 1, 2, 3. (8.3)

Here λ1 and λ2 are regularization parameters, X is the object tensor, T� is the
incomplete observed tensor, and � is the set of indices of available data in T , Li ∈
St(Ii , si ), Ri ∈ R

si×∏
j �=i I j , St(Ii , si ) denotes the Stiefel manifold, and si > ri is a

given upper bound of rank. BesidesW indicates framelet transformation, DS denotes
the difference matrix, and l1,1-norm is the sum of absolute values of the matrix
elements.

Typically, the SMF model contains two main terms—SNN with matrix factoriza-
tion and smoothness constraints, which are detailed in the following subsections.

8.3.1 SNN with Matrix Factorization

The first term, SNN with matrix factorization, can improve the efficiency. Given a
low-rank tensor X ∈ R

I1×I2×···×IN with rank (r1, r2, . . . , rN ), the mode-i unfolding
X(i) can be factorized into the form X(i) = Li Ri , i = 1, . . . , N . Then we have the
following property of tensor nuclear norm via matrix factorization:

∥∥X(i)

∥∥∗ = ‖Li Ri‖∗ = ‖Ri‖∗, i = 1, . . . , N . (8.4)

Therefore, the tensor nuclear norm minimization problem can be rewritten with
smaller scale matrices to reduce computational complexity.

The goal of introducing SNN is to exploit the globallymultidimensional structure,
which is the basic of LRTC. Based on the introduced SNN, matrix factorization is
further applied to save calculation cost. For example, the computational complexity
of SVD of X (X ∈ R

m×n , rank(X) = r ) is O(m2n + mn2). By introducing matrix
factorization, the cost of computing SVD can be reduced to O(m2s+ms2), r < s �
n [5].
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8.3.2 Smoothness Constraints

The smoothness constraints contain the total variation regularization and the framelet
regularization, which are used for a better performance of tensor completion.

The total variation regularization
∥∥DSX(3)

∥∥
1,1 is used to exploit piecewise smooth-

ness along the mode-3 unfolding of X , where Ds is the difference matrix. The TV
regularization is used to make the third dimension of the recovered tensor smooth to
improve the efficiency of tensor completion.

The framelet regularization
∥∥∥WXT

(3)

∥∥∥
1,1

retains details in spatial domain, where

W denotes the framelet transform matrix with orthogonality and X(3) indicates the
unfolding matrix of X . The framelet regularization can ensure the spatial mode of
the recovered data to be smooth and preserve the details due to its redundancy.

8.4 The ADMM-Based Algorithm

In this section, we design an effective ADMM-based algorithm to resolve the SMF
model (8.3). In particular, we separate blocks of variables in (8.3) by introducing
matrices M and N . Then the augmented Lagrangian function of (8.3) becomes:

L(Li , Ri ,X , M, N ) =
3∑

i=1

(
ωi‖Ri‖∗ + β1

2

∥∥X(i) − Li Ri

∥∥2
F

)

+ λ1‖M‖1,1 + 〈
WXT

(3) − M, �
〉 + β2

2

∥∥WXT
(3) − M

∥∥2

F

+ λ2 � ‖N‖1,1 + 〈
DSX(3) − N ,�

〉 + β3

2

∥∥DSX(3) − N
∥∥2
F ,

s.t. Li ∈ St(Ii , si ), i = 1, 2, 3,X� = T�, (8.5)

where � and � are the Lagrange multipliers, β1, β2, and β3 are the penalty parame-
ters. Based onADMM,we can split the problem (8.5) into the following subproblems
which are easier to deal with in smaller sizes.

The first one optimizes the variable Li , which can be written as:

Lk+1
i = argmin

Li

∥∥Xk
(i) − Li R

k
i

∥∥2

F
, s.t. Li ∈ St(Ii , si ). (8.6)

By solving the least squares problemwith the orthogonality constraint, the optimal
Li with all other variables fixed is given. The optimal solution is given by QR-
decomposition:

Lk+1
i = QR(Xk

(i)(R
k
i )

T ). (8.7)
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The second subproblem optimizing the variable Ri can be calculated as follows:

Rk+1
i = argmin

Ri

ωi‖Ri‖∗ + β1

2

∥∥Xk
(i) − Lk+1

i Ri

∥∥2

F
, (8.8)

which has an explicit solution

Rk+1
i = SVTωi/β1((L

k+1
i )T Xk

(i)). (8.9)

Here SVTτ (·) is a singular value thresholding operator defined by SVTτ (X) =
Udiag[max(σ − τ, 0)]V T .

The third subproblem about M related to framelet regularization can be written
as:

Mk+1 = argmin
M

λ1‖M‖1,1 + 〈
W (Xk

(3))
T − M, �

〉 + β2

2

∥∥W (Xk
(3))

T − M
∥∥2

F
.

(8.10)

This problem has an explicit solution

Mk+1 = S λ1
β2

(
W (Xk

(3))
T + �

β2

)
, (8.11)

where Sμ(·) is a soft-thresholding operator

Sμ(x) =
{
0, if |x | ≤ μ,

sign(x)(|x | − μ), if |x | > μ.
(8.12)

The fourth subproblem about N concerning total variation regularization can be
calculated as follows:

Nk+1 = argmin
N

λ2‖N‖1,1 + 〈
DSX

k
(3) − N ,�

〉 + β3

2

∥∥DSX
k
(3) − N

∥∥2

F
, (8.13)

We can update N as follows:

Nk+1 = S λ2
β3

(
S X

k
(3) + �

β3

)
. (8.14)

The final subproblem optimizing X can be formulated as:

X k+1
�c = argmin

X

3∑

i=1

(
β1

2

∥∥X(i) − Li Ri

∥∥2
F

)
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+ β2

2

∥∥∥∥WXkT
(3) − M + �

β2

∥∥∥∥
2

F

+ β3

2

∥∥∥∥DSX
k
(3) − N + �

β3

∥∥∥∥
2

F

. (8.15)

We can update X as follows:

X k+1
�c =

(
∑

i

foldi (inv(β1 I + β2 I + β3D
T
s Ds

)

∗
(

β1L
k+1
i Rk+1

i + β2

[
WT

(
M − �

β2

)]T

+ β3D
T
s

(
N − �

β3

)
/N

)

�c

,

(8.16)

According to ADMM, we update the multipliers � and � as:

�k+1 = �k + β2

(
W (Xk+1

(3) )T − Mk+1
)
,

�k+1 = �k + β3

(
DSX

k+1
(3) − Nk+1

)
. (8.17)

To summarize, the proposed iterative ADMM-based algorithm for solving the
SMF model in (8.3) is outlined in Algorithm 1.

8.5 Numerical Experiments

In this section, we conduct several experiments on the video data to evaluate our
proposed LTC scheme. We also compare it with the modern methods, including
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Fig. 8.1 Comparison of PSNR, SSIM, running time by five LRTC methods on the video

MFTC [5], HaLRTC [1], LRTV-PDS [3], and SPC [6]. To measure the quality of the
completed tensor data, peak signal-to-noise ratio (PSNR) and structural similarity
index (SSIM) are employed as the quality metrics.

In this experiment, the video “suzie” is tested, and only the first 30 frames of the
video are used for tensor completion. The size of testing video is 144 × 176 × 30.

Figure 8.1 shows the performance of tensor completion for video “suzie” with
different MRs by the proposed LTC and the comparing modern methods in PSNR,
SSIM, and running time. TheMRs are set as 40%, 50%, 60%, 70%, and 80%, respec-
tively. Apparently, PDS, SPC, and LTC perform better than MFTC and HaLRTC
when the MR is high. While ensuring the performance, LTC achieves about 90%
and 50% running time reduction compared to SPC and PDS, respectively. It means
that introducing matrix factorization can reduce the running time of recovering
incomplete videos effectively.

8.6 Conclusion

In this work, we propose a low-complexity tensor completion scheme. Our model
takes advantage of SNN to exploit the low-rankness, TV, and framelet to preserve
details and utilize the smoothness and matrix factorization to improve the efficiency.
In order to solve the SMF model, we develop an efficient ADMM-based algorithm.
The experimental results on synthetic data and real-world data demonstrate both the
efficiency and effectiveness of the proposed algorithm.
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Chapter 9
DOA Tracking with Multi-Bernoulli
Filter for Two-Parallel Linear Array:
Reconstruct MUSIC
as Pseudo-Likelihood

Xudong Dong, Xiaofei Zhang, Jun Zhao, Meng Sun, and Jianfeng Li

Abstract To solve the problem of the multi-sources direction-of-arrival (DOA)
tracking by using two-parallel line arrays, a multi-target Multi-Bernoulli (MeMBer)
filtering based on random finite set (RFS) is proposed. Unlike traditional DOA
tracking algorithms, the number of sources in this paper is time-varying. The
proposed method modifies and reconstructs the MUSIC pseudo-spectrum as its like-
lihood function, which greatly improves the weight of sampled particles in the high
likelihood area. Two experimental simulation scenarios are provided. One is that
the number of sources is fixed and known, and the other is that the number of
sources is time-varying and unknown. Simulation results verify the effectiveness of
the proposed method in estimating the number of time-varying sources and tracking
their dynamics.

9.1 Introduction

2D direction-of-arrival (DOA) estimation has been widely used in the field of radar,
sonar, and wireless communication [1–3]. Many signal processing methods, such as
MUSIC algorithm [4, 5], ESPRIT [6] algorithm, propagator method (PM) algorithm
[7], and DOA matrix algorithm [8–10] have been proposed for DOA estimation.
The above-mentioned methods are based on the assumption of stationary sources.
However, in reality, the source is moving, and its number may be unknown and
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time-varying. For moving sources, it is necessary to develop a multi-source tracking
methods to estimate their number and capture their DOA.

In [11], the conception of random finite set (RFS) is proposed, and a series of
multi-target tracking methods based on RFS are provided in [12–14]. Multi-Target
Multi-Bernoulli (MeMBer) filtering has been used for DOA tracking in [15, 16]. In
this paper, we provide an improved 2D MeMBer method for two-parallel uniform
linear arrays (ULAs). The contributions of this method are as follows: (1) It works
in the dimension of single source space, avoiding the problem of data association
of filters. (2) Its tracking performance is superior to the traditional DOA tracking
method. (3) The issues of time-varying target number can be solved.

9.2 Data Model

As show in Fig. 9.1, N (k) narrowband signals sn(k), n = 1, . . . , N (k) with DOA
θn(k) = [φn(k), ϕn(k)]

T , impinge on two-parallel ULAs equipped with 2 M array
elements at discrete time k, N (k) denotes the number of sources at time k. φn(k) and
ϕn(k) represent the elevation and azimuth of DOA. According to [2], the steering
matrix of X-axis and Y-axis are

Ax = [ay(φ1, ϕ1), . . . , ax (φn, ϕn), . . . , ax
(
φN (k), ϕN (k)

)]T
(9.1)

Ay = [ay(φ1, ϕ1), . . . , ay(φn, ϕn), . . . , ay
(
φN (k), ϕN (k)

)]T
(9.2)

Fig. 9.1 Two-parallel
uniform linear arrays model
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ax (φn, ϕn) = [
1, . . . , e j2πd sin φn cosϕn /λ, . . . , e j2π(M−1)d sin φn cosϕn /λ

]T
is the

steering vector of X-axis, ay(φn, ϕn) = [1, e j2πd sin φn cosϕn /λ
]T

is the steering vector
of Y-axis, (·)T is the transpose operation,d denotes the array spacing, and λ is the
wavelength of receive signals. Then the outputs of subarray 1 and 2 are

z1(k) = Axs(k) + n1(k) (9.3)

z2(k) = Ax�s(k) + n2(k) (9.4)

� = diag
(
e j2πd sin φ1 sin ϕ1/λ, . . . ,

)
e j2πd sin φN (k) sin ϕN (k)/λ, s(k) =

[
s1(k), . . . , sN (k)(k)

]T
is the signal vector, diag(·) denotes the diagonalization

operator, n1(k) and n2(k) represent additive white Gaussian noise of subarray 1 and
2 with zero mean and variance σ 2

v , respectively, which are uncorrelated with signals.
By combining (9.3) and (9.4), we can get:

Zk =
[
z1(k)

z2(k)

]

=
[

Ax

Ax�

]
s(k) +

[
n1(k)

n2(k)

]

= [Ay � Ax
]
s(k) + n(k) = As(k) + n(k) (9.5)

� is Khatri-Rao product, the data covariance matrix [4] can be expressed as

Rk = E
{
ZkZH

k

} = AE
{
sksHk

}
AH + E

{
nknH

k

} = ASkAH + σ 2
v I2M . (9.6)

where (·)H is the conjugate transpose, I2M is a 2M × 2M identity matrix, and E

denotes the expectation operator. By performing eigenvalue decomposition (EVD) on
(9.6), we can get the noise subspaceUN , composed of the eigenvectors corresponding
to the remaining 2M − N (k) eigenvalues.

9.3 MeMBer DOA Tracking Algorithm

Because DOA between adjacent time steps is highly correlated, it is necessary to
combine time information to estimate DOA of sources. In this section, we adopt
the collaborative turning right (CTR) to simulate the motion characteristics of the
source.



68 X. Dong et al.

9.3.1 Sources Motion Model

Suppose the nth source moves with a speed of θ̇n(k) = [
φ̇n(k), ϕ̇n(k)

]T
rad/s, n =

1, . . . , N (k). Combining DOA θk and motion speed θ̇k , we get the source state
xk = [φn(k), φ̇n(k), ϕn(k), ϕ̇n(k)

]T
. The CTR is as follow:

xk = Fkxk−1 + Gkvk (9.7)

with the coefficient matrices Fk and Gk :

Fk =

⎡

⎢
⎢
⎣

1 sin(	Tω)/ω 0 (cos(	Tω) − 1)/ω
0 cos(	Tω) 0 − sin(	Tω)

0 −(cos(	Tω) − 1)/ω 1 sin(	Tω)/ω

0 sin(	Tω) 0 cos(	Tω)

⎤

⎥
⎥
⎦ (9.8)

Gk =
[

	T 2/2
	T

]
⊗ I2 (9.9)

where ⊗ is Kronecker product, 	T represents the time step, ω is turning rate, and
vk denotes the white Gaussian process with vk ∼ N (0,�k) and �k = diag

{
δ2φ, δ2ϕ

}
.

9.3.2 Improve Likelihood Function Model

According to [4], the pseudo-spectrum of MUSIC can be written as

PMUSIC(θk) = 1
[
ay(θk) ⊗ ax (θk)

]H
UNUH

N

[
ay(θk) ⊗ ax (θk)

] (9.10)

UN is the noise subspace. Similar to (9.10), for array measurement Zk and state xk ,
we define the likelihood function as follows:

g(Zk |xk) = |PMUSIC(·)|ξ =
∣∣∣∣
∣

1
[
ay(cxk) ⊗ ax (cxk)

]H
UNUH

N

[
ay(cxk) ⊗ ax (cxk)

]

∣∣∣∣
∣

ξ

(9.11)

where cxk = [1, 0, 1, 0] denotes the elevation and azimuth, |·| denotes the module of
a complex value. ξ is the exponential weighting factor, which can solve the problem
of particle effectiveness reduction caused by obesity of likelihood function in low
signal-to-noise ratio (SNR) scene.
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9.3.3 MeMBer DOA Tracking Algorithm

In this part, a 2D-DOA tracking algorithm called 2D-MeMBer algorithm is proposed.
We provide a Sequential Monte Carlo (SMC) implement of 2D-MeMBer method.

Prediction: Assuming that the update MeMBer parameter sets at time k −
1 is

{
r (i)
k−1, p

(i)
k−1

}Tk−1

i=1
, i = 1, . . . , Tk−1, where p(i)

k−1 =
{(

x(i, j)
k−1 , ω

(i, j)
k−1

)}N (i)
k−1

j=1
,

r (i)
k−1 is existence probability of the ith multi-target parameter sets, N (i)

k−1 is
the total particles. According to [14], the predicted multi-target parameter sets{(

r (i)
P,k|k−1, p

(i)
P,k|k−1

)}Tk−1

i=1
∪
{(

r (i)
,k, p

(i)
,k

)}T,k

i=1
is defined as:

r (i)
P,k|k−1 = r (i)

k−1 ·
N (i)
k−1∑

j=1

ω
(i, j)
k−1 · Psur,k

(
x(i, j)
k−1

)
(9.12)

p(i)
P,k|k−1(x) =

N (i)
k−1∑

j=1

ω
(i, j)
P,k|k−1δx(i, j)

P,k|k−1
(x) (9.13)

r (i)
,k denotes the parameter given by newborn model (9.14)

p(i)
,k(x) =

N (i)
B,k∑

j=1

ω̂
(i, j)
,k δx(i, j)

,k
(x) (9.15)

where Psur,k(·) is the survival probability and N (i)
B,k is the newborn particles. x

(i, j)
P,k|k−1 is

calculated by (9.7), j = 1, . . . , N (i)
k−1, ω

(i, j)
P,k|k−1 = ω

(i, j)
k−1 /

[
Nk−1∑

j=1
ω

(i, j)
k−1 · Psur,k

(
x(i, j)
k−1

)
]

.

x(i, j)
,k ∼ N (·, ·), ω(i, j)

,k = 1/N (i)
B,k , j = 1, . . . , N (i)

B,k .
Update:: Assuming that the predicted MeMBer parameter sets at time k is

{(
r (i)
k|k−1, p

(i)
k|k−1

)}Tk|k−1

i=1
, i = 1, . . . , Tk|k−1, and p(i)

k|k−1 =
{(

x(i, j)
k|k−1, ω

(i, j)
k|k−1

)}N (i)
k|k−1

j=1
,

Tk|k−1 = Tk−1 + T,k is the total predicted hypotheses, N
(i)
k|k−1 = N (i)

k−1 + N (i)
B,k is the

total prediction particles.

Then the updated MeMBer parameter sets
{(

r (i)
k , p(i)

k

)}Tk|k−1

i=1
can be represented

by:

r (i)
k =

r (i)
k|k−1 ·

〈
g
(
Zk |x(i, j)

k|k−1

)
, p(i)

k|k−1

(
x(i, j)
k|k−1

)〉

1 − r (i)
k|k−1 + r (i)

k|k−1 ·
〈
g
(
Zk |x(i, j)

k|k−1

)
, p(i)

k|k−1

(
x(i, j)
k|k−1

)〉 (9.16)
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p(i)
k (xk) ==

N (i)
k∑

j=1

ω
(i, j)
k δx(i, j)

k
(xk) (9.17)

g
(
Zk |x(i, j)

k|k−1

)
is calculated from (9.11), x(i, j)

k =
{
x(i, j)
P,k|k−1

}N (i)
k−1

j=1
∪
{
x(i, j)

,k

}N (i)
B,k

j=1
, j =

1, · · · , N (i)
k|k−1.

ω
(i, j)
k = ω

(i, j)
k|k−1 · g

(
Zk |x(i, j)

k|k−1

)
/

(∑Tk|k−1

i=1

∑N (i)
k|k−1

j=1
g
(
Zk |x(i, j)

k|k−1

)
· ω

(i, j)
k|k−1

)
.

After applying resampling algorithm and pruning operations [14], we get the
update Multi-Bernoulli parameter sets

{
r (i)
k ,
(
x(i, j)
k , ω

(i, j)
k

)N (i)
k

j=1

}Tk

i=1

(9.18)

where Tk represents the number of update Multi-Bernoulli parameter sets and N (i)
k

denotes the total particles by resampling method.

9.4 Simulations

In this simulations, we use the joint root mean square error (RMSE) as the
performance evaluation standard, as follows:

RMSE = 1

MC

MC∑

j=1

⎛

⎝

√√√
√ 1

N (k)

N (k)∑

n=1

1

K

K∑

k=1

(
φ̂kn, j − φkn

)2 + (ϕ̂kn, j − ϕkn
)2
⎞

⎠

(9.19)

where φ̂kn, j and ϕ̂kn, j are the estimated values of the elevation and azimuth of nth
source at jth MC simulations for time k. MC denotes Monte Carlo running number.
In order to more effectively analyze the performance of the proposed algorithm, we
consider two experimental scenarios, which are as follows:

Experiment 1. Consider a CTR motion scenario with 3 sources, whose number
is known and fixed. The array elements M = 10, and SNR = 10 dB, L = 200,
MC = 100, ξ = 4, �k = diag(4, 4) ∗ 1e − 4, the survival probability is assumed

to be constant psur,k(x) = 0.99,

{
r i,k,

(
x(i, j)

,k , ω
(i, j)
,k

)NB,k

j=1

}3

i=1

is the newborn Multi-

Bernoulli parameter sets, r (i)
,k = 0.02, 0.02, 0.03, x(i, j)

,k ∼ N (mi ,Pi ), where m1 =
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Fig. 9.2 a RMSE of real-time tracking. b RMSE comparison at different SNR

[20; 0; 30; 0],m2 = [30; 0;−40; 0],m3 = [40; 0;−70; 0], Pi = [4; 0.04; 4; 0.04],
i = 1, 2, 3 and N (i)

k = N (i)
B,k = 600.

Figure 9.2a depicts the RMSE of moving sources, and it shows that the tracking
error of the proposed method is the smallest. Figure 9.2b exhibits the estima-
tion performance comparison between the traditional DOA tracking methods and
proposed method, such as 2D-PM algorithm, 2D-ESPRIT algorithm, and DOA-
matrix method versus different SNRs. Compared with traditional DOA tracking
methods, the proposed method owns better estimation performance.

Experiment 2. The number of sources caused by birth and death varies
with time, and the sources’ duration is 1–50, 7–30, 10–50, 15–40 s,{
r i,k,

(
x(i, j)

,k , ω
(i, j)
,k

)NB,k

j=1

}4

i=1

, r (i)
,k = 0.2, 0.2, 0.3, 0.3, x(i, j)

,k ∼ N (mi ,Pi ), and

m1 = [20; 0; 30; 0], m2 = [−30; 0;−40; 0], m3 = [40; 0;−35; 0], m3 =
[60; 0; 80; 0], P1,4 = [4; 0.04; 4; 0.04], P2,3 = [4; 0.25; 4; 0.25]. The exponen-
tial weighting factor ξ = 4 in the proposed method and ξ = 3 in MeMBer-Capon
algorithm, which use Capon pseudo-spectrum to calculate the likelihood function of
MeMBer algorithm. Other experimental parameters are similar to experiment 1.

Cardinality estimation performance is shown in Fig. 9.3. As can be seen from
Fig. 9.3 that the proposed method can capture the emergence of newborn sources
and the disappearance of existing source and can accurately estimate the source
number. However, the MeMBer-Capon method underestimates the number of
sources, resulting in poor performance in Fig. 9.3b. Figure 9.3b also shows that
the estimation performance of proposed approach is better than the MeMBer-Capon
method.
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Fig. 9.3 a Cardinality estimation. b RMSE of time step

9.5 Conclusion

A SMC 2D-MeMBer method for DOA tracking is provided in this article. The
proposed method modifies the MUSIC pseudo-spectrum as its likelihood function.
Byexponentialweighting the likelihood function, the sampledparticles are improved.
Simulations result indicates that the proposedmethod provides better tracking perfor-
mance compared with the traditional DOA tracking methods and can accurately
estimate the quantity of sources and their states.
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Chapter 10
Fuzzy-ADRC Strategy to DFIG
Low-Voltage Ride Through

Shengqing Li, Xin Yao, and Jingyu Liu

Abstract To prevent the disconnection of ZigBee wireless communication wind
turbines caused by voltage drop and achieve the implementation of low-voltage ride
through (LVRT) in doubly fed induction generator (DFIG), this paper proposes fuzzy
active disturbance rejection control (Fuzzy-ADRC) strategy under unbalance power
grids, which uses generalized differential with fuzzy operations to realize the fast no-
overshooting tracing with real-time parameter modifications. The proposed scheme
does not depend on system’s precise parameters, and it can avoid the overflowof rotor
side when power grid malfunction, curb the negative sequence current and transient
current oscillation. Finally, the feasibility and effectiveness of the proposed method
are verified by computer simulation.

10.1 Introduction

The stator side of DFIG unit becomes more sensitive to voltage fault because it
connects grid directly. The drop-off voltage could cause severe electromagnetic tran-
sients and lead to the overflowof stator and rotor and the fluctuation ofDCbus voltage
[1–5], so study on low-voltage ride through (LVRT) of doubly fed induction generator
(DFIG) is of great significance.

In order to solve the problem that DFIG cannot operate normally under unbal-
anced grid voltage, the main research is to adopt the control strategy of double-
synchronous rotating coordinate system [6–9]. It is a typical closed-loop control
strategy of proportion integration differentiation (PID) that transforms the voltage
and current of wind turbine. Although they can effectively control positive-and-
negative current under unbalanced voltage, its structure is too complex to regu-
late with over-abundant parameters, which results in weak robustness and delayed
dynamic response. In [10], the state error in active disturbance rejection control is
written in the form of proportion + fractional integral, which can better describe the
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physical model, and the control effect is considerable, but the fractional integral algo-
rithm is too complex and the calculation is cumbersome. In [11], active crowbar and
DC side unloading circuits are used to consume excessive energy caused by stator
voltage sag to realize LVRT of wind turbine, but the control of DFIG under unbal-
anced voltage is not considered. In [12], established themathematical model of DFIG
in the positive and negative sequence synchronous rotating coordinate system under
the condition of unbalanced grid voltages. However, the traditional fuzzy control will
reduce the control accuracy of systems, and the dynamic quality is also poor, which
is not conducive to the long-term operation of wind turbines.

Based on the traditional fuzzy control, a new Fuzzy-ADRC is proposed in vastly
improve its efficiency bymodifying nonlinear error feedback parameters, so it can not
only maintain the advantages of traditional approach, but also overcome the depen-
dency on precise mathematical model, to optimize the control performance. The
proposed scheme not only reduces the rotor side transient current, while unbalanced
of grid voltages, but also suppresses the fluctuation of the current negative sequence
component, torque and power. This will avoid the dependence of the traditional
control scheme on the precise parameters of the motor, and effectively improves the
system’s dynamic response and robustness.

10.2 DFIG Under Unbalanced Power Conditions

Transformer can eliminate zero-sequence voltage from stellar connect to triangle
connect, so it only takes positive and negative sequence component into consideration
whenweanalyze the unbalancedgrid. The constructionofDFIG is shown inFig. 10.1.

It adopts park transformation to get the positive-and-negative mathematic model
by changing ABC coordination into dq axis. The voltage equation in dq+ axis and
dq− axis is:

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

Usdq+ = Usdq+ + dψsdq+
dt + jω1ψsq+

Urdq+ = Rrirdq+ + dψrdq+
dt + jωslip + ψrdq+

Usdq− = Rsirdq− + dψrdq−
dt + jω1ψsdq−

Urdq− = Rrirdq− + dψrdq−
dt + jωslip − ψrdq−

(10.1)

Fig. 10.1 System structure diagram of DFIG
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In this equation, Us and U r stand for stator voltage and rotor voltage, ψ for flux,
ω1 for angular velocity, ωslip for rotating angular velocity, Rs and Rr for stator and
rotor resistance.

Flux linkage equation of DFIG in dq+ axis and dq− axis is:

⎧
⎪⎪⎨

⎪⎪⎩

ψsdq+ = Lsisdq+ + Lmirdq+
ψrdq+ = Lrirdq+ + Lmisdq+
ψsdq− = Lsisdq− + Lmirdq−
ψrdq− = Lrirdq− + Lmisdq−

(10.2)

According to (10.1) and (10.2):

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

dird+
dt = Urd+−Rr ird+

σ Lr
+ w1

dirq+
dt = Urq+−Rr irq+

σ Lr
+ w2

dird−
dt = Urd−−Rr ird−

σ Lr
+ w3

dirq−
dt = Urq−−Rr irq−

σ Lr
+ w4

(10.3)

In this equation, isd+, isq+, isd−, isq−, ird+, irq+, ird−, irq− are d+ , q+, d−, q− axial
components of stator and rotor currents, Usd+, Usq+, Usd−, Usq−, Urd+, Urq+, Urd−,
Urq− are d+, q+, d−, q− axial components of stator and rotor voltages and W1, W2,
W3,W4 are total disturbing momentum, among which σ = 1 − L2

m/(Ls − Ls).

⎧
⎪⎪⎨

⎪⎪⎩

w1 = Kiq+ + �wd+
w2 = Kid+ + �wq+
w3 = Kiq− + �wd−
w4 = Kid− + �wq_

(10.4)

In this equation, kid+, kid−, kiq+, kiq− are coupling terms of positive-and-negative
sequence current at d with q axial component, and �wd+, �wd+, �wd−, �wq− are
external disturbance value of positive-and-negative current.

10.3 Design of ADRC

10.3.1 ADRC Principle

ADRC improves classical PID control and do not need to measure external inter-
ference directly and predict its frequency. Due to the characteristic of ADRC, the
coupling effect between themultivariable subsystems can be regarded as an uncertain
quantity and can be classified as an “unknown disturbance.” In this paper, ADRC is
used for decoupling control, and its system structure is shown in Fig. 10.2.
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Fig 10.2 Block diagram of
ADRC system

The tracking differentiator in ADRC introduces the generalized differential to
realize the fast non overshoot tracking of input signal of the system, and the ESO
will estimate by recognizing the disturbance and the unmodeled dynamics as the
total disturbance of the system.

10.3.2 Tracking Differentiator Design

The nonlinear uncertain object x(n) with uncertain interference is indicated as
follows:

x(n) = f
(
x, x(t), . . . x (n−1), t

) + w(t) + bu(t) (10.5)

In the formula, f (x, X(T ), X(n − 1), t) is the unknown function; w(T ) is the
unknown external disturbance; X(T ) is the measurable quantity; B is the control
input coefficient; U(T ) is the control input of the system.

The input of setting and arranging the transition process is reference value i*rxy of
the rotor current, and the output is i1xy, i2xy, in which i1xy is current value of tracking
rotor, and the i2xy is the “approximate differential” of the rotor current. The TD
parameter expression is:

{
i1xy(t) = i1xy(t − 1) + h · i2xy(t − 1)
i2xy(t) = i1xy(t)

(10.6)

Among them, x is d axis or q axis, y is positive sequence or negative sequence,
i1xy is tracking value of rotor current, z1xy observation value of rotor current, h is step
length, and e is error.

In order to debase the overshoot of output and avoid tracking-after discretizing
the differentiator, the stable system will arise the phenomenon of high-frequency
tremor, and the nonlinear function g in TD is based on:

➀ Nonlinear function g(z) is continuous and differentiable;
➁ g(0) = 0;
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➂ Its derivative g′ = dg(z)
dz �= 0 can be regarded as a function expression fal which

is presented as follows

fal(e, a, δ) =
{

e
δ1−a , |e| ≤ δ

|e|asgn(e), |e| > δ
(10.7)

In formula, a is 0–1, δ is the filtering influence constant (Generally5T ≤ δ ≤
10T ), and e is the state estimation error.

The parameters of the tracking differentiator are as follow:

⎧
⎨

⎩

e1xy = i1xy(t − 1) − z1xy
i1xy(t) = i1xy(t − 1) + h · i2xy(t − 1)
i2xy(t) = −h · fal(e1xy, a1, δ1)

(10.8)

10.3.3 The ESO Design

The expression of the observation equations that can construct and expand the system
are showed as follow:

⎧
⎨

⎩

z1 = z2 − g1(z1 − x1(t))
z2 = z3 − g2(z1 − x1(t)) + b0u(t)
z3 = −g3(z1 − x1(t))

(10.9)

Since Zi separately tracks the expanded state x(i − 1)(t), and the parameter b0 is
known, the control quantity can be selected as follows:

Since the nonlinear function is a fal function, the form of ESO is:

⎧
⎪⎪⎨

⎪⎪⎩

e = z1 − y
z1 = z2 − β01fal(e, a, δ)

z2 = z3 − β02fal(e, a, δ) + bu(t)
z3 = −β03fal(e, a, δ)

(10.10)

Among them β0i is a selected parameter.
In order to achieve ESO observation of the state, the compensation matrix of

formula (10.9) A =
⎡

⎣
−k1 1 0
−k2 0 1
−k3 0 0

⎤

⎦ is written out. According to the sufficient and

necessary condition for the stability of the system, the characteristic roots of a are on
the left half of the complex plane and is fully negative, that is,λ3+λ2k1+λk2+k3 = 0.
The eigenvalues λ1, λ2, λ3 and parameters k1, k2, k3 of A are satisfied by:
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s3 + k1s
2 + k2s + k3 = (s − λ1)(s − λ2)(s − λ3) (10.11)

According to the value k1, k2, k3 obtained by the undetermined coefficientmethod,
an initial value of β0i is obtained by the formulaβ0i = ki/fal(e, a, δ).

If we take ird+, ieq+, ird−, irq− as measuring input; W1, and W2, W3 and W4 as
estimator of disturbance, the extended state observer can be constructed as follows:

⎧
⎨

⎩

e2xy = z1xy(t − 1) − ixy
z2xy(t) = z1xy(t − 1) − β01(e2xy, a2, δ2) + burxy(t − 1)
z3xy(t) = −β02fal(e2xy, a2, δ2)

(10.12)

Among them, x represents d axis or q axis, y indicates positive sequence or
negative sequence, and z1xy is the observed value of rotor current disturbance.

10.3.4 Design of Nonlinear State Error of Feedback Control
Law

Unlike the traditional linear PID, the improved ADRC proposed in this paper applies
fuzzy control to the self-disturbance rejection design. It is input with e1, e2 and the
output is �β. Respectively 7 language subsets are defined: {“positive big (PB)”,
“middle (PM),” “positive small (PS),” “zero (ZO),” “negative big (NB),” “negative
middle (NM),” “negative small (NS)”.}. It is input with e1, e2, and its membership
function is gaussmf. It is output with �β03 and �β04, and its membership function
is trimf. The domain of e1, e2 is {− 3, − 2, − 1, 0, 1, 2, 3}. The domain of �β03 is
{− 0.3,− 0.2 and− 0.1, 0, 0.1, 0.2, 0.3}. The domain of�β04 is {− 0.06,− 0.04,−
0.02, 0.02, 0.04, 0.06}. We take the Mamdani type as fuzzy reasoning theories, and
use average weighted methods to defuzzification algorithm [13]. The control table
is shown in Table 10.1.

Table 10.1 Delta beta 1, delta beta 2 fuzzy control table

e1 e2

NB NM NS ZO PS PM PB

NB PB/NB PB/NB PM/NM PS/NM PS/NS ZO/ZO NS/ZO

NM PB/NB PB/NB PM/NM PS/NS PS/NS ZO/ZO NS/ZO

NS PM/NB PM/NM PM/NS PS/NS ZO/ZO NS/PS NS/PS

ZO PM/NM PM/NM PS/NS ZO/ZO NS/PS NM/PM NM/PM

PS PS/NM PS/NS ZO/ZO NS/PS NS/PS NM/PM NM/PB

PM PS/ZO ZO/ZO NS/PS NM/PS NM/PM NM/PB NB/PB

PB ZO/ZO ZO/ZO NM/PS MN/PM NM/PM NB/PB NB/PB
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β ′ = β + �β (10.13)

In the form, β is the start value.

{
u0xy(t) = β ′

03 · fal(e1xy, a3, δ3) + β ′
04 · fal(e1xy, a3, δ3)

u(t) = u0xy − z3xy(t)/b
(10.14)

β i, ai, δ are all adjustable.

10.4 Fuzzy-ADRC Design of Rotor Current

From the state equation of the rotor side converter, we can find some coupling terms
in the system, and that the components on d axis and the components on q axis are
interacted with each other, which is not conducive to the transient performance of the
control system. In this paper, the coupling quantity is estimated by Fuzzy-ADRC,
which makes it difficult to deviate from the target when the system is disturbed. The
DFIG has active P0 and reactive power Q0 when the power output characteristics of
the grid are unbalanced. They are expressed as follows:

P0 = 3Lmωslip

2Ls

[−ψsq+ ψsd+ ψsq− − ψsd−
][
ird+ irq+ ird− irq−

]T
(10.15)

Q0 = 3ωslip

2Ls

[−ψsd+ − ψsq+ψsd− − ωsq−
][

ψsd+ ψsq+ψsd−ψsq−
]T

+ 3Lmωslip

2Ls

[−ψsq+ψsd+ψsq− − ψ sd−
][
ird+irq+ird− irq+

]T
(10.16)

We take the form i∗rd− = 0, i∗rq− = 0. From the formula (10.1), (10.2), (10.15)
and (10.16), we can know that:

[
i∗rd+
i∗rq+

]

= 2ls
3lm

M−1
2

{[
P0
Q0

]}

+ 3

2ls

[
Usd+Usq+Usd−Usq−
Usq+ −Usd+Usq− −Usd−

]

⎡

⎢
⎢
⎣

ψsd+
ψsq+
ψsd−
ψsq−

⎤

⎥
⎥
⎦

(10.17)

M2 =
[
Usd+ Usq+
Usq+ −Usd+

]

To suppress current negative sequence components and prevent rotor side over-
current, we adopt a dual-internal loop Fuzzy-ADRC control block diagram that is
shown in Fig. 10.3.
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Fig. 10.3 Rotor side
converter current fuzzy
self-rejection control
structure

Fig. 10.4 Unbalanced
power grid DFIG control
block diagram

The block diagram of DFIG system under unbalanced grid is shown in Fig. 10.4,
where I ird+ is taken as an example, and other current principles such as ird+.

The control system gives the corresponding differential signal by tracking the
transition process of the differentiator, which make the system have no overshoot.
The extended observer can receive the observed values of each state variable and
the amplitude of system disturbance. By taking the appropriate value of a, the effect
of small error and large gain is obtained. The above methods can be merged into a
comprehensive method to achieve optimal control within a certain range.

10.5 Simulation Experiment

The results are shown in Fig. 10.5. As illustrated in Fig. (a), the voltage of the grid
is unbalanced at 0.24 s about 5%, and it will be restored balance state at 0.80 s.
The traditional vector control strategy ignores the negative sequence components
of electromagnetic quantities that are caused by the voltage drop in the transient
state process, so that less unbalanced voltage will produce a large impact current.
This impact current will cause unbalanced heating of wind turbines, and it will
seriously damage the normal operation of wind turbines. In addition, when grid
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Fig. 10.5 The simulation
model of 6 MW doubly fed
wind turbine is established in
Matlab/Simulink
environment, and four 1.5
MW wind farms are
simulated. The simulated
motor is: the rated stator
voltage is 690 V, the stator
resistance is 0.0071 (PU),
and the stator leakage
inductance is 0.175 (PU).
The rotor resistance is 0.004
(PU), the rotor leakage
inductance is 0.154 (PU), the
excitation inductance is 2.7
(PU), the inertia time
constant is 5.0 s, and the pole
pairs are 3

(a) Voltage drop 5%

(b) Traditional control strategy dq axis current 

(c) Fuzzy-ADRC control strategy dq axis current

(d) Traditional control strategy dq axis voltage  

(e) Fuzzy-ADRC control strategy dq axis voltage
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Fig. 10.5 (continued)

(f) Traditional control strategy torque

(g) Fuzzy-ADRC control strategy torque

(h) Traditional control strategy power

(i) Fuzzy-ADRC control strategy power

voltage returns to normal state at 0.8 s, it will take a long time for the rotor side
current to restore to the stable value, and the dynamic response system gets slow.
From (b) and (c), we can see that the fuzzy self—disturbance—rejection control
is used to modify the controller parameters online to adapt to the system model
during the electromagnetic transient process. When the voltage gets unbalanced, the
current amplitude of rotor side becomes small, which effectively prevents rotor side
overcurrent. From (f) and (g), we can see that the fuzzy self-disturbance—rejection
control scheme can restrain the torque jitter better and prolong the operation life of
wind turbine when the voltage of power grid fluctuates. From (h) and (i), we can
see, it is beneficial to safe operation of the converter when power grid voltage falls,
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meanwhile the rotor side current, torque and power restore to stability for a shorter
time after the gird voltage is restored. It can be seen that the system has stronger
robustness and faster dynamic response.

In order to prevent the large impact of the rotor side converter in case of the asym-
metrical fault of the power grid, this paper establishes current, voltages and magnetic
chain equations of DFIG under the synchronous rotating coordinate system, designs
a fuzzy active disturbance rejection control and uses the tracking differentiator to
achieve a reasonable transition process and reduce the overshoot of the output; the
extended state observer estimates and compensates the total disturbance of system,
it calculates the Fuzzy-ADRC control of the sub side. This proposed project controls
the negative sequence current, and it slows down the impact of currents and voltages,
meanwhile it reduces the adjustable parameters of system andmakes the systemmore
robust and dynamic response to the disturbance. However, this project only improves
the control strategy and does not change the hardware greatly, and the project needs
to be improved when the residual energy of wind turbines becomes abundant because
the voltage drop degree of the power grid is too large.
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Chapter 11
Test Methodology and System for 5G
Millimeter Wave Terminal RF
Conformance

Yu Zhang, Xiang Wu, Xiang Zhang, Yuxin Ren, Chong Pan,
and Guiming Wei

Abstract Due to the interface of 5G millimeter wave terminals radio frequency
(RF) unit and antennas cannot be separated, the traditional conducted test method
cannot be used for the transmission and reception characteristics, 5G millimeter
wave devices require over-the-air (OTA) calibration and RF measurement in a plan
wave test system. Based on the third generation partner project program technical
specification (3GPP TS) 38.521-2 standard, an overview of system design challenges
and measurement approaches is provided, the requirements of 5G millimeter wave
terminal RF conformance test is analyzed, and the millimeter wave test solution is
proposed combined with multi feed compact antenna test range (CATR), and the test
procedure and test system for effective isotropically radiated power (EIRP), total
radiated power (TRP), spurious emission (SE) and equivalent isotropic sensitivity
(EIS) will be introduced in this paper. OTA RF test will run through all stages from
research to production of millimeter wave products.

11.1 Introduction

With the development of mobile communication technology, 5th generation mobile
networks (5G) is a new network architecture after long-term evolution (LTE), mainly
used for enhanced mobile broadband (EMBB) scenario, ultra-reliable and low-
latency communications (URLLC) scenario and massive machine type communica-
tions (mMTC) scenario, 5G millimeter wave frequency band has attracted extensive
attention due to its rich frequency resources. In 2018, the United States and South
Korea have successively launched 5G millimeter wave technology for commercial
use, and China has also released the frequency band planning for millimeter wave
applications. The transmitting and receiving characteristics of wireless communica-
tion equipment determine its performance in the network, from 2G, 3G, 4G to today’s
5G technology, wireless performance is becoming more and more important. In 5G
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frequency range 1 (FR1), the characterization of RF performance is evaluated using
cabled connections to temporary antenna connectors, bypassing the device’s antenna
which was assumed to be simple and independent, it would anyway be technically
problematic to derive the radiated performance.

In 5G FR2 millimeter wave frequency band, radio frequency unit and antenna
interface cannot be separated, all the RF parameters will be tested through OTA test
method. In this paper, based on the transmission characteristics of millimeter wave,
the frequency band planning andwave propagation characteristics ofmillimeterwave
will be analyzed in Sect. 11.2, the test method of 5G millimeter wave in 3GPP will
be introduced in Sect. 11.3. Millimeter wave RF conformance test system will be
introduced in Sect. 11.4.

11.2 Characteristics of 5G Millimeter Wave

11.2.1 Transmission Characteristics of Millimeter Wave

Millimeter wave generally refers to the electromagnetic wave with the wavelength
from 1 to 10 mm, compared with sub 6 GHz, millimeter wave is less developed
and utilized, and larger bandwidth can be allocated. Millimeter wave has a wide
frequency band, which can achieve high-speed transmission, but its disadvantage is
the free space path loss is really larger than the sub 6 GHz, the propagation distance
is short, and it cannot penetrate most solid materials. At the same time, millimeter
wave is greatly affected by the rain attenuation, which is caused by the wavelength
of millimeter wave that is very close to that of raindrop, the attenuation increases
with the rainfall. Due to the influence of diffraction, scattering, high loss and rain
attenuation in the propagation process of millimeter wave, it is necessary to adopt
some technical methods to ensure the capacity, low delay and high reliability of
communication system.

11.2.2 Massive Multiple Input Multiple Output (MIMO)
and Beamforming

2 * 2 and 4 * 4 antenna modules have been used in millimeter wave terminals,
and multiple antennas are used in both transmitters and receivers. Compared with
the single-antenna system, the channel capacity of the communication system is
greatly improved. Massive MIMO and beamforming techniques can generate high
gain to compensate for the large path loss in the high frequency band. As shown in
Fig. 11.1, by adjusting the phase of the array antenna, the amplitude of millimeter
wave terminals of some angles could be increased or reduced, so as to form a fixed
directional beam. The fixed directional beam is aligned with the direction of the
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Fig. 11.1 Beamforming for
millimeter wave terminals

incoming wave, could be used not only at the transmitter but also at the receiver,
which could obtain higher gain and improve the stability of the system.

11.3 OTA Test Method for 5G Millimeter Wave Terminals

Compared with the device working at sub 6 GHz, 5G millimeter wave products
have changed greatly, the RF chips and antenna arrays of the equipment are highly
integrated, and there is no test interface, so the device can only be fully characterized
by the radiatedOTA testmethods, which could take the antenna radiated performance
in account. There are many solutions for OTA test, including direct far field (DFF),
CATR, and near field (NF).

(1) DFF: DFF is the most mature test method for OTA, which can cover all test
cases of 3GPP 38.521-2 [1] and 38.521-3 [2]. However, in millimeter wave
frequency, the free space loss increases with the test distance. The far field is
typically defined as anything beyond the Fraunhofer distance D [3]:

D (transceiver distance) > 2d2/λ (11.1)

where d is the largest dimension of the antenna under test and λ is the wave-
length. At this distance, the phase curvature of the field is 22.5°, taking the
device working at 26 GHz as an example, the maximum size of the measured
device is 0.2 m, and the far-field distance is nearly 8 m. According to the loss
calculation formula of free space:

Loss = 32.4478 + 20 ∗ log 10( f ∗ 1000) + 20 ∗ log 10(D/1000) (11.2)

where loss refers to the space loss in dB, f is the frequency,D is the transceiver
distance. The space loss will reach 80 dB, it is a great challenge for the test
system and due to its long transmission distance, and the cost of the test system
would be very high.

(2) CATR [4]: the condition of far-field test is achieved through reflector and feed,
which is similar to the DFF test, but the test distance is greatly shortened, plane
wave can be formed in a small space, and all performance tests of transmitter
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and receiver can be executed in the CATR. It is also the RF conformance test
system recommended by 3GPP 38.521-2.

(3) NF [5]: NF test system has the advantage of lower space loss, and can be
placed in most office space. The NF test system has higher requirements for
algorithm, but it cannot directly form far-field conditions and cannot meet the
relevant requirements of receiver performance test, so it is not suitable for the
receiver performance test.

11.4 Millimeter Wave RF Conformance Test Cases

RF test cases mainly include three aspects: transmitter (Tx) and receiver (Rx) inband
test cases, Tx and Rx spurious test cases and Rx blocking test cases. EIRP, TRP, SE
and EIS test will be detailed analyzed in this paper.

(1) EIRP and TRP test

For millimeter wave terminals, EIRP and TRP are two key technical indicators to
measure the power class of the device under test, higher EIRP or TRP may cause
interference to other frequency bands and systems, and lower EIRP or TRP may
decrease the coverage. In 3GPP TS 38.521-2, for millimeter wave terminals with
power level 3, the EIRP limit in n258 band is set between 22.4 and 43 dBm, and the
maximum TRP limit is less than 23 dBm. The diagram of the test system is shown
in Fig. 11.2.

3GPP provides two types of spherical sampling points for TRP test, constant step
and constant density sampling. Constant step is sampling at a fixed angle in the
longitude and latitude, the rotation of the positioner is continuous and the rotation

Fig. 11.2 EIRP and TRP
test diagram in the anechoic
chamber



11 Test Methodology and System for 5G Millimeter Wave … 91

Fig. 11.3 Multi feed design
illustration

efficiency is high, but the disadvantage is that there are more sampling points than
constant density sampling. Constant density sampling is to discretize the spherical
area with fixed points, and the distance between each two points is consistent, the
disadvantage the rotation efficiency of the positioner is low.

(2) SE test

Spurious emissions are emissions which are caused by unwanted transmitter effects
such as harmonics emission, parasitic emissions, intermodulation products and
frequency conversion products. One of the disadvantages of the traditional CATR
is that the test efficiency is low when measuring the 3D data of the radiated pattern
over a wide frequency, particularly in the spurious emission test. In this paper, we
will analyze a multi feed solution for RF conformance test as shown in Fig. 11.3.
This multi feed system is composed of three feed working from 24 to 44 GHz, one
feed working from 6 to 24 GHz, one feed working from 40 to 60 GHz and one
feed working from 60 to 90 GHz, which can meet the requirements of SE test from
6 GHz to 2nd harmonic. This solution can greatly reduce the test time, multiple feed
is placed near the parabolic focus instead of the original single feed system, and the
offset feed can form a plane wave with a certain angle with the original area in the
CATR, so as to realize multi band simultaneous measurement.

(3) EIS test

EIS is a key technical parameter of receiver performance test, which measures the
throughput level of terminal equipment in an ideal propagation environment, under
low-power level and environment without noise. The throughput of terminal affects
the effective coverage of base station. In 3GPP 38.521-2, for millimeter wave termi-
nals with power level 3 supporting 100 MHz bandwidth, the EIS limit in n258 band
is lower than −85.3 dbm. In this paper, the terminal is set in the quiet zone of the
chamber, and the transmission power of the base station is reduced at the interval of
no more than 0.2 dBm. The EIS level is the power of the corresponding base station
under the premise of 5% bit error rate.
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11.5 Conclusion

In this paper, the characteristics and technical implementation of 5Gmillimeter wave
terminal are introduced, the RFmeasurement method and requirements of millimeter
wave terminal is analyzed, and the RF millimeter wave test solution combined with
the multi feed CATR test system is proposed. Base on this OTA test system, the
detailed test procedure of EIRP, TRP, SE and EIS is analyzed. In future, low-cost
solutions and more efficient system will be proposed continuously in the millimeter
wave terminals RF test.
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Chapter 12
A Survey on Energy Saving Technology
of Wireless Sensor Network

Huanan Zhang

Abstract Wireless sensor networks (WSNs) have important applications in many
fields such as medical treatment and industry. AWSN is typically consists of a large
number of sensor nodes that rely on a limited supply of power in many applications.
Therefore, improving the energy efficiency of wireless sensor networks has become
an important research topic. This paper analyzes the principle of energy consump-
tion of each component unit of wireless sensor node, and studies the energy saving
technology and energy saving design idea of MAC protocol from the data link layer
and network layer of network model.

12.1 Introduction

Wireless sensor network consists of many sensor nodes. It can sense, monitor and
collect environmental information from sensors, such as temperature, heat and the
concentration of various gases in the environment. The collected data will be sent to
interested observers via wireless communication. Wireless sensor network does not
need fixed network equipment, and it has the advantages of rapid expansion, strong
damage resistance and so on. In the current application research, the network life-
time is an important index to measure the performance of a wireless sensor network.
Traditional wireless sensor nodes use non-rechargeable batteries. Once the elec-
tromagnetic energy is used up, the node will die, so the design of wireless sensor
network node has become a hot spot. In recent years, with the continuous develop-
ment of environmental energy acquisition technology, researchers have been able
to capture the energy existing in the environment, such as solar energy, mechanical
vibration heat energy, etc. This technology is used in wireless sensor networks to
design sensors that automatically collect environmental energy. Sensor nodes can
convert the solar energy, vibration mechanical energy and heat energy in the envi-
ronment into usable, and can automatically supplement their own energy, forming a
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wireless sensor network with self-energy characteristics. Combined with this char-
acteristic, this paper aims to improve the performance of wireless sensor network
energy storage technology.

Wireless sensors have been widely used in military and civil fields. Extensive
deployment has been made in deep-space exploration, deep-sea submersible navi-
gation, environmental monitoring and protection of wetlands, monitoring of rivers
and lakes, and urban planning and construction. In remote monitoring, smart city,
smart home, smart office and other fields reflect more and more high-practical value.
Because of the special application field of wireless sensor network, so many cases,
the sensor node is deployed once and is no longer recycled. Some nodes are not easy
to recharge. The power of the nodes is depleted, and the entire network fails. Classical
algorithms in wired networks and some algorithms in wireless networks with unlim-
ited energy or energy supplementing cannot be directly applied to wireless sensor
networks with limited energy. It is necessary to save as much energy as possible to
prolong the life cycle of wireless sensor networks (WSNs), so the research on energy
saving is always an important branch of WSNs.

In wireless sensor networks (WSNs), the energy capacity of sensor nodes is
limited, and the cost of power supply replacement is high and difficult. Therefore,
in network design, the use of energy saving technology to extend the life of the
network as much as possible has become a crucial issue for wireless sensor networks.
At present, the energy conservation of wireless sensor networks is mainly studied
from two levels: network level and node level. The network layer can design good
clustering algorithm and routing protocol. Data forwarded reduces energy consump-
tion, and thus prolonging the life cycle of the network. Node level can be achieved
from both open source and throttling. The open source aspect based on electronic
components extends the battery life of wireless sensor power supply or mid-charge.
Throttling extends the life cycle of the whole network through the sleep of the node
scheduling algorithm.

12.2 Wireless Sensor Node Deployment

Node deployment is random, and the location of each node deployment is not spec-
ified in advance. Once all nodes are deployed, and their location does not change.
All nodes are homogeneous, that is, all specifications and parameters are the same,
especially the sensing radius and communication radius are the same, but not limited
to a specific sensor node. A node can perceive all working nodes within its perceived
radius. Each node has a unique identity ID, and nodes that are aware of each other can
obtain each other’s ID. The node communication radius is not less than the perceived
radius. It is not necessary for the monitored network area to reach 100% monitoring
coverage all the time. During the monitoring process, a small number of areas is
allowed to occur that are not monitored. The node does not know the exact loca-
tion of itself, nor the exact location of its neighbors. In the wireless sensor network,
each node can be in a working state or a dormant state. The nodes in a working
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state can normally carry out various kinds of work, such as perception, monitoring
and communication. Such nodes are called working nodes. The nodes in the resting
state operate with very low-power consumption, do not perceive and monitor the
surrounding area, and do not communicate with other nodes. Such nodes are called
sleeping nodes. The working node and the sleeping node can convert to each other.
When the working node meets certain conditions, it can enter the dormant period,
while the sleeping node will be awakened after a certain period of time and enter the
working state. Every wireless sensor network has its coverage area, and some nodes
are always located at the boundary of the whole network. Nodes at the boundary
cannot be treated as nodes at the center of the network, because the number of neigh-
bors of nodes at the boundary is obviously smaller, so special investigation should
be conducted on boundary nodes. Since the network boundary is very large, for each
node at the boundary, the boundary can be approximately regarded as a straight line,
that is, a diameter. Divided by the diameter, the half that belongs to the network
coverage is called the inside of the boundary node, and the other half is called the
outside of the boundary node. As for the interior of the boundary node, just like the
general node, it has its own neighbor nodes andwill be covered by enough neighbors,
while for the semicircle outside the boundary node, the number of neighbors and the
covered area will be small.

12.3 Analysis of Energy Consumption of Wireless Sensor
Network

The energy in wireless sensor network is consumed by the micro-sensor nodes. A
typicalmicro-sensor node consists of four parts, the power, induction unit, processing
unit and the wireless communication unit. In addition to the power supply unit, the
other three parts all need to consume electric energy to different degrees.

The main function of the induction unit is to sense temperature, humidity, air
pressure and other information, and hand it to the processing unit. In the informa-
tion transformation front end of the induction unit, processing signals and adjusting
analog-to-digital conversion and other links, energy consumption of the induction
unit mainly depends on the following factors.

According to the different energy consumption, the induction unit can be
divided into low-energy consumption, medium energy consumption and high-energy
consumption. Three types of low-energy consumption induction units are commonly
seen, such as temperature sensor, humidity sensor, photosensitive sensor, speed
sensor, etc. Common medium energy consumption induction units include sound
sensors andmagnetic sensors. Typical high-energy sensor units include image sensors
and visual frequency sensors [1]. For example, in scenes with interference, the detec-
tion accuracy will be affected to different degrees. The power of the sensor unit and
the number of repeated detections need to be increased, and the energy consumption
will also increase.
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The processing unit is responsible for information fusion and processing in prac-
tical application. As the manufacturing process of integrated circuit matures, the
power of processor is very small, and its energy consumption mainly depends on the
number of wireless sensor nodes and the number of data packets.

The transceiver unit, which is responsible for information forwarding, is the most
energy-consuming one of the sensor nodes. There are four working states: idle,
receive, send and sleep. In the dormant state, the energy consumption is small, it
has a variety of working states, and the energy consumption is almost negligible.
The proportion of the three modes of sleep, reception and transmission in energy
consumption is 1:1:2.7. In the idle mode of the transceiver unit, listening takes up
most of the working time. The study shows that the energy consumed by the listening
state accounts for more than 90% of the total energy consumption. There is no data
transmission in the idle mode, so the sensor node is in a dormant state, which can
greatly reduce the energy consumption. However, if it is turned on too frequently, it
will cause certain energy consumption [2].

12.4 Energy Saving Technology of Wireless Sensor Network

The sensor nodes rely on battery power, and the battery capacity they carry is quite
limited. Therefore, one of the main goals of the node is how to extend its life as
much as possible while completing the task. As a kind of weakened embedded
computing equipment, and considering the cost factor, the processor core unit on
the node usually chooses the processing chip with weak power, and the processing
speed of the node is relatively slow. The storage capacity of the container is small.
In addition, the communication module of the node accounts for a large part of the
energy consumption of the node. In order to reduce the communication capacity of
the energy consumption node, it is often limited to some extent. Communication
distance is generally limited to a small range. In the wireless sensor network energy
saving problem, there are two kinds of technology: data link layer energy saving
technology and network layer energy saving technology.

12.4.1 MAC Protocol Energy Saving Technology

The energy saving technology of the data link layer is realized through the MAC
protocol. According to the different energy saving principles, there are mainly four
kinds of energy saving technologies in the MAC protocol.

(1) Data transmission conflict control technology

Reduce packet transmission collision rate, reduce the amount of retransmission data.
A common node energy path in the data link layer is also one of the basic func-
tions of the protocol implementation to realize the control of data retransmission
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rate [3]. There are many methods, the common methods are: (1) the use of sleep
technology; (2) adoption time multiple access (TDMA) technology; (3) Use data to
send preamble.

(2) Dormancy mechanism

Dormancy mechanism refers to the sensor nodes in the free state, the adaptive or
program control ways to enter a dormant state, and to control the timing of the
dormancy and interval period, in order to reduce the time of the sensor in the idle
listening state, from and reduce the energy consumption is enabled after dormancy
mechanism, awaken should form a complete set of judgment and decision making
mechanism, in order to realize the sensor nodes under the dormant in a timelymanner
when necessary the state of idle listening and other working condition.

(3) Working mechanism of mixed MAC

It mainly refers to the hybrid mechanism combining TDMA and CSMA. When the
number of sensor nodes is fixed and small, the TDMA mechanism of pre-allocated
time slot can be adopted. When the number of sensor nodes changes, the TDMA
mechanism is immediately transformed into a dynamic slot allocation mechanism.
Through this hybrid mechanism, the worker node can send or receive data packets
at a fixed time slot, thus avoiding the possibility of collision in the process of data
transmission.

(4) Introduction technology of data transmission

The basic idea of the technology is that the sensor node sends a preamble data before
sending the data packet to alert the sensor receiving node to be ready for receiving.
The introduction data should be sent at least at the time interval of the sampling cycle.
Other sensor nodes in the network are sampled to determine the next working state.
If the communication channel is found to be busy, continue listening until the correct
packet is received or until the channel becomes idle [4]. If the data is received, the
control node enters the sleep state after continuing to listen for a certain period of
time.

12.4.2 Network Layer Protocol Energy Saving Technology

The common practice of energy saving technology in network layer is to realize the
energy saving idea of routing protocol through the energy saving design of routing
protocol.

(1) Take the data transmission distance as the route measurement value

In a typical first order radio wireless sensor node, suppose the distance between two
sensor nodes is d and the transmitted data packet is K, then data transmission energy
consumption Et(k,d):
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When d < d0, E(k, d) = Eel × k + ε × k × d2.

When d ≥ d0, E(k, d) = Eel × k + ε × k × d4.

And d is the threshold value of distance, Eel represents a transceiver energy
consumption factor required to start a transmission or receiving circuit. ε represents
the power coefficient of the transmission amplifier.

According to the above expression, the power consumption of the sensor node
is proportional to the square of the distance. Therefore, reducing the transmission
distance reduces the energy consumption. However, when transmitting data at nodes,
shortening each hop can increase the transmission distance and the hop of the trans-
mission path, and the total energy consumption of the network cannot be reduced
enough. At the same time, the transmission delay will also increase. Therefore, the
control of the transmission distance should take various factors into comprehensive
consideration [5].

(2) Take the number of transmission path hops as the routing measurement value

In the packet transmission path, the fewer hops, the more optimized route. When the
transmission power of the sensor node is fixed, the fewer hops, the smaller the total
transmission distance and the smaller the total energy consumption of the network,
so as to achieve the purpose of energy saving. When the transmission power is
variable and the transmission mode is broadcast mode, the packet transmission path
hop number is small, which means that the number of nodes participating in the
broadcast data forwarding is small, and the total energy consumption of the network
also decreases [6].

(3) Dynamically adjust the sending power according to the distance of the routing
path

In the wireless sensor network with variable power, adjusting the transmission power
according to the distance of routing path can not only reduce the energy consump-
tion of data transmission, but also effectively reduce the radio interference between
adjacent nodes and improve the utilization rate of the channel.

(4) Data aggregation technology is adopted

Data aggregation technology means that sensor nodes collect physical information
of the monitored area and transmit the data upward in the wireless sensor network.
Common data aggregation operation functions are to evaluate the average to evaluate
the intermediate value to sum to evaluate themaximumvalue to evaluate theminimum
value to count, etc. Users can also customize the data aggregation operation function
according to the application requirements [7].
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12.5 Conclusion

The energy consumption of wireless sensor network is limited, and the problem
of energy consumption directly affects the life cycle of the entire network. The
adoption of energy saving technology has become the core problem in WSNs. This
paper analyzes the energy consumption of each component single element ofwireless
sensor node and its key factors. The research direction in future mainly includes the
research on the energy saving technology of data link layer MAC and the network
layer routing protocol design based on the energy saving idea and the system design
of the energy saving algorithm for each layer of WSN network.
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Chapter 13
The Development of Smart Building
Under the Background of Internet+

Qing Wei and Qingjuan Liu

Abstract In the development and change of society, the progress of science and
technology has played an important role in promoting. In the field of smart building
research, with the comprehensive application of different technologies in it, the scope
of application of smart building has also been expanded. It began to develop towards
the application of wisdom, and formed different application systems, which not only
provides a variety of different services for people’s production and life, but alsomakes
the building operation process greener and more environmentally friendly, thus fully
meeting the needs of sustainable development. Looking back on the development
progress of smart buildings and the green buildings, the influences and impacts of new
internet technologies on buildings in this information technology era are analyzed
and the shapes and features of future buildings and the prospect for smart buildings
are explored.

13.1 Introduction

The development of architecture from Earth pit and cave dwelling to brick house
and reinforced concrete high-rise building is more perfect in function and quality,
including the development of smart building and green building with network and
integration of security, fire and protection, the living standard of human beings has
been improved and the living environment is more and more safe, comfortable and
convenient. With the increase in population and the progress of technology, the
negative influence of architecture is increasing day-by-day. Land use, green space
reduction, energy consumption increase and environmental damage are urgent prob-
lems to be solved. Building scientists around the world are constantly exploring the
future direction of building development.
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Through summarizing and analyzing the present situation and shortage of smart
building in our country, this paper makes a deep study on the characteristics of
the development of the times and the influence and function of Internet+ big data
technology on the building field, so as to find out the development trend of the
future building, this paper studies the necessity of smart architecture and makes a
preliminary attempt to explore the future development of architecture [1].

13.2 The Development of Smart Building

Smart building was first put forward to meet people’s needs for more functions,
solve problems in development, and make people more convenient and comfortable
in the process of living, and give full play to the basic advantages of the building,
to achieve efficient operation of the building, by building it into a systematic envi-
ronment, so that different parts of the structure as a subsystem in the system to
play a role, so that the building as a whole, in order to facilitate the construction of
more scientific management, and reduce the management of the problem [2]. The
application of intelligence in smart building refers to the combination of modern
technology and traditional technology and equipment through various modern new
technologies including big data, cloud technology, Internet of things, intelligent inter-
connection, modern communication technology, artificial intelligence and so on, to
achieve innovative applications (see Fig. 13.1).

After more than 20 years of development, the standard system, technical system
and engineering system of smart building in China have taken shape. The intelligent
system has become a necessary system for large-scale public buildings, commercial
office buildings and high-grade residential buildings, and has greatly enhanced its
value and quality, for people to create a safe, comfortable, convenient, efficient,
energy-saving work and living environment has played an important role. The size

Fig. 13.1 The development of smart building
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and output value of the smart building market have also reached the level of 400–
500 billion per year.

13.3 The Necessity of Developing Smart Building

13.3.1 Requirements for Application Objects

At present, the application object of architectural design is only the single building
itself. For example: Building energy consumption systems, building automation
systems, security and fire protection systems, are designed, built and operated in
accordance with the building itself, basically do not involve the specific behaviour of
the users in the building, will not involve the home, not to mention the surrounding
buildings and environment [3]. And the application object of smart building is not
only the single building itself, the smart building will involve many factors such
as this building and the behaviour habits of the users in this building, it will also
involve all surrounding buildings and all possible connections to people, objects and
the external environment.

13.3.2 Requirements for Smart City Development

In recent years, under the guidance of the relevant national policies, the construction
of smart city has developed rapidly and comprehensively, and smart building will
be the concrete application and an important component of smart city, intelligent
architecture plays an important role in human life and work. Facing the develop-
ment of smart city in the future, we should also develop a smart synthesis based on
urban Internet of things and cloud architecture [4]. The development of smart city
needs more intelligent architecture, and it also needs the implementation of smart
architecture and Internet technology.

13.4 Application of Various New Technologies in Smart
Buildings Under the Background of Internet+

In the context of the Internet, new Internet technologies emerging in recent years,
such as cloud computing technology, Internet of Things technology, big data tech-
nology, BIM technology and artificial intelligence technology, further promote the
transformation and upgrading of buildings and provide technical support for the real-
ization and development of smart buildings [5]. The architecture of the future will
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be intelligent architecture, whose development and application cannot be separated
from the support of new Internet technologies.

13.4.1 Cloud Computing

Cloud computing is a new computing model based on the Internet. With this model,
computers or other devices can share information or hardware and software resources
according to demand. The “cloud” in cloud computing is composed of hundreds of
millions of servers, which can provide unprecedented computing power and storage
capacity, etc.Moreover, cloud computing utilizes virtualization technology to realize
centralizedmanagement of physical resources, andmakes full use of various software
and hardware resources to improve the utilization rate of equipment and reduce
system energy consumption. In the future, architectural design software suppliers
will become architectural design, structural computing and analysis service providers
with the development of cloud computing.

13.4.2 The Internet of Things

The Internet of Things is the realization of intelligent association between things, is
based on the Internet, traditional telecommunications network and other information
carrier. Internet of things is the essence of IT infrastructure can be incorporated into
physical infrastructure, and is widely connected, realize something, purpose is to
implement dynamic, the wisdom of management and control, the nature and smart
building inner intelligence embodied in the various intelligent device embedded in
the construction of various objects, and give its run automatically and self-decision-
making intelligenceworkmode. In order to realize effectivemanagement of buildings
and “smart” thinking of buildings, relevant information of building ecology should be
mastered first. Internet of Things technology is an important technical basis for smart
buildings to realize comprehensive perception, reliable transmission and intelligent
decision-making.

13.4.3 Big Data Technology

Big data technology describes the new generation of IT technology and architecture.
Big data is characterized by huge data volume, complex and diverse data types and
fast generation speed. With the progress of science and technology and building, the
development of smart building of the future will be full of all kinds of sensor and
data acquisition and control devices, the smart building based on the technology of
Internet of things in real time by building awareness with all kinds of signals, will
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produce many structural safety, indoor environment, such as professional in the field
of building energy consumption data. The massive data accumulated over a long
period of time are complex and diverse. Meanwhile the information content of these
data is huge, and the capacity will increase from TB to PB, EB and ZB.

13.5 Problems in the Application of New Technology
in Smart Building

In the development of intelligent building, there are still some bottleneck problems
in the application of many new technologies.

13.5.1 The Limitation of Internet of Things in Intelligent
Building

At present, there is no seamless interconnection between the InformationWide Area
Network and the TT&CWideAreaNetwork. In other words, there aremany isolated
control islands and the Internet of things cannot be extended into them, and the use
of the Internet of things by smart buildings is limited to a great extent.

13.5.2 The Problem of the Application of Big Data
in the Smart Building

The databases of different industries are separated from each other, and the databases
of different search engines cannot be connected seamlessly, which affects the
application of big data seriously.

13.5.3 The Problem of the Application of Cloud Computing
in the Smart Building

The users of smart building need to use a large amount of external resources, and it
is impossible for a concrete smart building entity to carry or possess a huge resource
pool, and the resource pool is required to be flexible and up-to-date, so the cloud
computing technology needs to be continuously developed. The virtual resource pool
with huge data in the cloud can always meet the needs of users.
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13.6 Some Suggestions on the Development of the Industry

13.6.1 Pay Attention to the Theoretical Research of Smart
Building

Technology enterprises should pay attention to the theoretical research of smart
building, the deeper the theoretical research, the deeper the market understanding,
the deeper themarket excavation, the better you can do it. There are toomanypractical
lessons: the ability to control the market is not strong, the fundamental reason is that
the depth of industry support technology research is not enough.

13.6.2 Solve the New Problems in the Development
of the Industry in Time

There will be a lot of new situations that have not existed in the past, enterprises
must keep pace with the times and make adjustments in technology. For example,
air conditioning units, fresh air units and fan coils are used extensively by air condi-
tioning in building equipment monitoring systems, all of which have fresh air supply
links, but in recent years air pollution and smog have wreaked havoc, control systems
for these devices should be designed to protect against fine particulate matter and
other indoor pollutants.

13.6.3 Increase the Content of the Smart Building Subsystem
in the BIM Model

In order to prevent many “collisions” in the actual design and construction, resulting
in the rework of the change design and construction, it is necessary to reflect and
describe more the content of the design and construction of the smart building
subsystem in the BIM model, which should be paid attention to by enterprises and
experts in the smart building, smart building industry.

13.7 Conclusion

With the advent of the era of information technology and innovation development of
various new technologies for the development of industry has brought great oppor-
tunities for development, the construction industry in this area is better to promote
the development of transformation, realize the breakthrough progress of the industry,
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should also follow the time development, improve the level of the development of
smart buildings, and through the application of new technology make the building’s
overall functionwas improved, and achieve better for application development of new
technology, make people experience the more wisdom application effect in produc-
tion and living, to eventually achieve smart city construction play a corresponding
role.
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Chapter 14
Paradigm for Urban Safety and Risk
Management with Big Data

Nan Jia, Tengfei Zhang, and Siquan Wang

Abstract Risk management of urban public safety, as an important part of urban
management, is crucial to the healthy development of cities. In recent years, with the
rapid development of big data technologies, urban safety and risk management have
also entered the era of big data. Obviously, in this context, it is urgent to reform the
traditional risk management model and establish a new paradigm for urban public
safety risk management based on big data technology. Firstly, we summarized basic
theories related to urban safety and risk management from the aspects of disaster-
bearing carrier and risk characteristics. On this basis, it puts forward the connotation
of urban safety and risk management and expounds its current situation. Secondly,
we analyze and summarize the opportunities and challenges of urban safety and
risk management in the era of big data. Finally, the big data-driven paradigm for
urban safety and risk management is proposed, and the policy recommendations for
urban public security management construction based on this paradigm are given.
Obviously, this study will provide theoretical and methodological guidance for the
development and implementation of urban safety and risk management of China in
the era of big data.

14.1 Introduction

With the continuous advancement of China’s industrialization and urbanization, the
city’s scale and population have expanded rapidly, leading to increased vulnerability
of urban buildings and structures, road traffic, lifeline management networks, and
personnel gathering places, and the situation of urban safety is grim. How to effec-
tively manage, operate and maintain a complex giant system with huge population
size and economic volume is an important issue faced by the urban management in
the new era, and achieving a fine urban management has become an important task
for municipal governments across the country. The risk management of urban safety,
as an important part of fine urban management, is the foundation for ensuring urban
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residents’ personal and property safety. Therefore, it is essential to improve the risk
management capability of urban safety.

With the rapid development of big data technology, the risk management driven
by big data is a relatively new research field that has emerged with the big data
method and has set off a research boom at home and abroad. In 2008, “Nature”
launched the “Big Data” research topic to explore the application and challenges of
big data in the subjects and fields of the Internet and computer technology. In 2011,
“Science” launched the topic of “DealingwithData,”mainly discussed the processing
technology and application of big data. In 2018, the United Nations e-government
survey report pointed out that building a resilient society needs to have resources and
capabilities to predict, reduce, and respond to various risks based on big data and
through ICT. At the same time, the arrival of the era of urban management big data
has made more and more scholars and research institutions aware of the importance
of big data in risk management and conducted related researches. However, the
current researches with the application of big data technology to carry out the urban
safety and risk management are still very rare. The existing big data-based urban
risk management researches are scattered in specific areas or links such as urban risk
prevention, urban safety management, and urban safety construction, which haven’t
been specifically developed for the entire city safety construction and process, and
haven’t yet formed the universal guiding theory and practice system, which can’t
meet the theoretical and practical needs of China’s urban fine construction which is
under a rapid development. It is urgent to conduct an exploration on the systematic
model of urban safety and risk management in the era of big data, so as to provide a
theoretical basis and practical guidance for the researches on urban safety and risk
management of China in the era of big data [1].

14.2 Summary of Risk Management of Urban Safety

14.2.1 Characteristics of Urban Risks

The city has the complexity and intensity of the spatial and temporal overlap of
human, buildings, and systems. In a limited area, the accumulation of large popu-
lation, resources and social and economic activities have formed a dense network,
resulting in the urban risks have the characteristics ofmobility, diffusivity, emergence,
and dynamic uncertainty.

(1) The high mobility of risks, the city as an open and complex system, the inter-
action of people flow, objects flow and information flow, the frequent flow
of various people, and the advanced and convenient urban public transporta-
tion, road traffic, rail transit and other public transportation modes have facil-
itated the transportation of personnel and materials. This can easily lead to
high mobility of various types of risks in various areas of the city, such as key
personnel of security monitoring, suspicious people, and hazardous chemicals.
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(2) The diffusivity of risk emergencies. When the risk evolves into an emergency,
due to the spatial and temporal overlap of urban people, buildings and systems,
the dense multi-type carriers catalyze and aggravate the spread and diffusion of
emergencies. For example, the accidental fire in the residential housing, which
is easy to develop into a big fire accident, because the fire can spread quickly
with the help of dense urban carriers, which can cause a heavy loss.

(3) Emergence (coupling) of risk accident system. The city is a typically complex
system. This kind of urban system is prone to produce a comprehensive disaster
that evolves from a single risk to an integrated risk coupled with multiple
disasters due to the three-dimensional density of the urban spatial structure
and spatial interaction of human, buildings, and systems. Once an accident
occurs, it will present an emergent and disastrous effect. Specifically, it will be
the occurrence of disaster chain successively in time, spatially dependent on
each other. And these catastrophes have cause and effect correlations, interact
as both cause and effect, have a chain reaction and occur in turn.

(4) Dynamics and uncertainty in the process of risk evolution. As a typical and
composite system, the city collects complicated risk factors and spatial over-
laps. And with highly convergent and intricate coupling relationship of the risk
factors, it lead to a highly dynamic uncertainty of urban disaster evolution. Or
even worse, disaster evolution has an involute and multivariate disaster struc-
ture that may cause huge potential risk for disaster state space and disaster
variation space.

14.2.2 Present Situation of Urban Safety and Risk
Management in China

The urban safety and risk management refer to the monitoring of the whole system
and thewhole period of human, buildings and systems in the urban scope based on the
vulnerability of disaster carriers for urban emergencies. The occurrence time, space,
and intensity of possible disasters should be comprehensively calculated analyzed,
forecasting and alarm to make positive risk prevention and control response, actively
reduce and prevent the disasters, lower the possibility of urban emergencies or miti-
gate the casualties and losses caused by disaster events. The process of urban safety
and risk management is the process of identifying urban risk factors, analyzing risk
and giving human intervention to prevent or reduce urban risks and their conse-
quences [2]. At the present stage, the risk management of urban safety in China has
the following drawbacks:

(1) Risk perception has the drawbacks of locality and one-sidedness. Urban risks
are complex, human, buildings, systems overlap in time and space, and multi-
agent risk mobility, and concealment are strong. In the stage of risk discovery
and identification of urban safety,most risk response processes are based on risk
control and management after the appearance and outbreak, and it is difficult
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to truly realize the active perception of the risk of the whole system and whole
period within the urban scope.

(2) Risk analysis ismainly appearing in its empirical and subjective characteristics.
Urban risks mostly are multi-body convergence and coupling. At the same
time, due to the complex and intensive urban spatial structure, the city shifted
from the space with low uncertainty to the space with high uncertainty, which
increased the difficulty of risk analysis and prediction. At the present stage,
risk analysis and prediction are mainly based on expert experience, qualitative
and semi-quantitative analysis, and use static data such as case and survey data
for calculation and verification. The ability to portray real-time evolution risks
is clearly lacking, and the ability of objectivity and generalization is extremely
limited.

(3) The risk response has the drawbacks of passiveness and lag. The evolution
process of urban risks presents a highly dynamic uncertainty. In the risk
response, there is still a state of passive riskmanagement of “no overall plan for
a fundamental transformation,” and rarely involves early detection and active
control of risk factors, and the accurate response after the risk has emerged.

(4) The drawbacks of the existence of coexistence of multiple institutions and
lack of synergy in risk management. At present, urban safety risk management
belongs to various departmental channels such as public security, health, trans-
portation, water conservancy, electric power, and propaganda. In the actual risk
management work, the lack of communication and sharing of risk information
is a common problem. Due to the complexity, relevance and comprehensive-
ness of the risk issues of urban safety, the status quo of “lack of coordina-
tion” of various departments and agencies lead to a lack of overall control over
comprehensive riskmanagement,making it difficult to comprehensively utilize
decentralized data information for intelligent analysis and effective prevention.

14.3 Opportunities and Challenges in Urban Safety
and Risk Management in the Era of Big Data

In the wake of the rapid development of mobile Internet, e-commerce, Internet of
things, cloud computing and social media, network information flow are insepa-
rably linked with the human behavior in real life. The integration between the real
world and the digital world is getting deeper gradually [3]. Simultaneously, data
information is more capable of fully reflecting the actual state of urban operation,
along with the wide spread and extensive application of new information equipment
in urban management such as the construction of digital city and intelligent city,
sensors, intelligent terminals, personnel positioning system, identity identification,
wireless sensor network and so on [4]. Big data technology makes it attainable to
manage the risk of urban safety throughout the whole system and cycle. Informatiza-
tion, networking and delicacy have gradually become an inevitable direction of risk
management of urban safety. The incessant development of Internet of things, radio
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frequency, sensor, wireless network and other information technologies provide data
sources and bases for risk information of urban safety. Meanwhile various computer
systems and big data computing platforms have a winged progress in the aspects
of computing power, storage capacity, data mining and computing speed and so
on. The development of high-performance computing technology has considerably
improved the analytical capability for complex problems. Rapid collection of risk
data in every corner of the city and deep sharing and extensive analysis of multi-
source and massive risk data provides technical support for the risk management and
decision-making of normalization, digital, all-weather, seamless urban safety. Big
data impel the transformation of the traditional model of risk management from a
qualitative analysis to the quantitative management. New scientific researchmethods
and management decision methods can be derived by means of the intersection of
data, methods, knowledge and domains, which can provide more accurate means and
capabilities of prediction, inference, and deduction and so on for urban public safety
and risk management.

Urban public safety and risk management have got a new historical opportunity
following the high-speed development ofmodern information technology, computing
system, comprehensive data base and fast data calculation. In the aspect of risk aware-
ness of urban safety, it is achievable to realize the stereoscopic and omnidirectional
status detection [5] and the coverage of big data in the whole system and cycle of the
city by the fusion of real-time data collected fromdifferent forms and channels.Moni-
toring and analysis of abnormal risk data can help managers to perceive risk changes
and identify risk locations in a timely and comprehensive manner, which is favorable
to overcome the situation of high-risk concealment caused by the complex interac-
tion of multi-agent such as human, buildings and systems in the city [6]. In terms
of risk calculation and analysis of urban safety, real-time information mining and
analysis based on physical space and cyberspace can provide the basis for timely and
correct research and judgment of risk development and event situation [7]. The event
deduction on account of the full-dimension data association can supply the reliable
assurance for the risk control strategy of urban safety [8]. The sharing and interac-
tion of real-time GIS data information, personnel trajectory information [8, 9], urban
lifeline system, and emergency rescue information can provide identifiable ground
for scientific, timely and effective rescue route planning, relief material allocation
and personnel evacuation strategy [10]. In view of risk prevention of urban safety,
the problems of multi-sector segmentation and complicated data types are overcome
to promote multi-sectorial coordination and integrated management in post-disaster
reconstruction through the sharing of risk big data and multi-department cooperation
[11].

But at the same time, the explosive surge of risk data information due to the
widespread coverage of cameras, sensors, intelligent terminals, etc., will increase
the difficulty of the risk information analysis of urban safety. The traditional and
simple method based on data and experience has been unable to satisfy the need
for accurate and rapid risk management of urban safety. Therefore, it is urgent to
establish the real-time analysismethodofwide-area big datawith the guidanceof full-
system risk analysis. Big data from different sources has great differences in form,
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structure, attribute, granularity, etc. The convergence, fusion, analysis and calculation
of structured, semi-structured, and unstructured multi-source heterogeneous data are
the key to risk analysis with the help of big data [12, 13]. The massive increase in
risk data of urban safety and multi-agent interweaving of risk factors of a complex
convergence also put forwardnew requirements for the innovationof traditional urban
methods of risk prevention. Risk prevention should accumulate thoroughly on the
basis of massive data and model analysis to provide more accurate and quantitative
support for the exact and active risk prevention scheme and realize the intelligent
and active prevention of urban risks.

Under the influence of the technology driven by big data and method changes,
the risk management mode of urban safety has a completely new look from the
bottom support mode to the upper method application. Obviously, in the context of
the construction of urban delicacymanagement, it is imperative to take full advantage
of the new historical opportunity of the urban public safety and risk management
brought by the present big data era, convert the traditional experience-oriented mode
of risk management and establish the urban public safety and risk management with
the support of big data technology.

14.4 The Proposal of Paradigm for Urban Safety and Risk
Management with Big Data

Based on the analysis of the basic theories and status quo of urban public safety risks,
combined with the core ideas of public safety management, and integrating the new
opportunities of urban safety and risk management in the era of big data, the urban
safety and risk management paradigm are constructed.

14.4.1 Characteristics of Urban Risks

Various kinds of urban components maymake the hidden risk factors obvious. Tradi-
tional urban risk management built on experience is partial and one-sided. Simulta-
neously, risk factors in the city have perfect mobility and urban public emergencies
possess the characteristic of significant emergence. As a consequence, the most
important task of urban safety and risk management is to carry out the full-cycle and
whole system risk monitoring and control from the source in order to avoid changing
from unremarkable urban risk to tragic disaster. Timely perception of risk, control
of potential urban risk factors, the suppression of occurrence and evolution of risk
as early as possible are critical factors to the urban safety and risk management in
the stage of risk inoculation.

The state and changes of the monitoring objects are obtained by the full-cycle
and whole system monitoring and control on human, buildings, and systems in the
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city (The status quo of the research objects is obtained through the state monitoring.
While the possible change in future is predicted by the object’s change or track
monitoring). The premise is to obtain the big data of the human, buildings, systems,
and environment within the urban coverage by means of monitoring and control.
The purpose is to mine the abnormal information in the urban real-time monitoring
data with the assistance of big data analysis methods such as data fusion, semantic
association analysis, data mining and so on, through the aggregation and fusion
of multi-source and heterogeneous data. Meanwhile risk factors and space–time
information in the data are extracted, which will break through the bottleneck of the
locality and one-sidedness of risk perception of urban safety and actualize the overall
perception of urban risks.

14.4.2 Accurate Prediction of Urban Risk Based
on Forecasting and Alarm

The urban risks are highly converged and complexly coupled and interrelated. The
evolution of urban public emergencies is dynamic and uncertain, with complex and
diverse disaster structures, huge potential risk disaster state space and disaster varia-
tion space. Therefore, when the risk factors are perceived, make timely and accurate
forecasting and alarm about the types of disasters, the consequences of disasters, the
locations and the scope of impacts that may be triggered, as well as the prediction of
the evolution of disasters and the effects of different rescue measures when disasters
occur, so as to realize active response to emergency rescue and targeted.

With the diversity and complexity of the risk issues of urban safety, the demand
for risk forecasting and alarm has also developed from qualitative to quantitative.
Forecasting and alarm refer to conduct the effective forecast, risk quantitative forecast
and risk evolution deduction of urban risks based on the monitoring and control big
data of the risk, and through the quantitative analysis of disasters, large-scale and
rapid numerical calculation and situational deduction and simulation,which is the key
to the prevention and control of urban public emergencies. The goal of forecasting
and alarm is to accurately predict the probability and evolution of risk by means
of the analysis and calculation of the monitoring and control data, including what
disasters may occur, the possibility of disasters, the damage that disasters may bring,
the evolution of disasters and the impact of different measures on the evolution of
disasters. The purpose is to break through the current risk analysis of urban safety,
which is mainly based on the qualitative or semi-quantitative methods in the present
situation, reduce the uncertainty of the risks, and the risk of high uncertainty will
become low uncertainty risk, in order to provide the basis and guidance for risk
prevention and control.
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14.4.3 Collaborative Response to Urban Risks Based
on Intelligent Prevention

The traditional risk management mode of urban safety has the disadvantages such
as single method and organization, isolated resources and departments, and lack
of multi-agent collaborative response mechanism. Insufficient communication and
sharing of risk information lead to the lack of overall and global control of compre-
hensive urban riskmanagement,making it difficult to use distributed data information
for intelligent analysis and effective prevention. Therefore, on the basis of compre-
hensive risk perception and accurate prediction, overcome the disadvantages of the
current risk response passiveness and lag in urban safety management, comprehen-
sively consider the risk factor correlation, business attribute intersection, and realize
the information sharing and rational allocation of resources under different actions,
fields and permissions, and adapt to multi-agent online collaboration and dynamic
coordination of different events, at different stages and different scenarios, as well
as the intelligent prevention of the urban risks.

Based onmonitoring and control and forecasting and alarm, intelligent prevention
integrates urban historical information data, monitoring and control real-time data
and the calculation analysis of forecast and earlywarning, bymeans of symptom iden-
tification and early warning of different types of urban risk emergencies to achieve
target-driven and task-driven accurate responseplan for urban risks, and to achieve the
gateway forward, earlywarning and intelligent prevention of urban riskmanagement.
At the same time, on the basis of data integration analysis, through the construction of
integrated urban risk intelligent prevention platform combining police, government
affairs and property management, the data-business-service entire process integrated
management and interdisciplinary collaborative operation are realized, in order to
achieve unified, standardized and multi-level linked integrated information sharing
and multi-sector multi-agent collaborative management, so as to conduct compre-
hensive prevention of urban disasters in advance, make effective rescue in the event
and perfect recovery afterward.

14.5 Discussion and Conclusion

China is in a period of economic and social transformation, the foundation of urban
public guarantees is relatively weak, the accidents are frequent, and urban safety is
facing severe challenges. With the rapid development of big data technology, each
city should actively grasp the new opportunities of risk management brought by big
data and carry out the construction of safety and risk management in the era of big
data.

In terms of risk perception, establishing a sound monitoring network, devel-
oping monitoring and control capabilities, and consolidating the city’s big data base.
The comprehensive coverage of monitoring and control equipment is the basis for
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obtaining big data on urban risks. In response to the demand for the fine manage-
ment of urban safety, increasing the investment in monitoring equipment and system,
establishing and improving urban safety monitoring networks for public emergen-
cies in different cities, including urban pipe network monitoring systems, rail transit
monitoring systems, andmeteorological monitoring systems, to eliminate blind spots
in monitoring of the perception facilities and sensor networks, realize full period and
system coverage of urban data information and the real world, and fully grasp the risk
big data of disaster carriers (human, buildings, and systems) in urban. Developing
safety monitoring and controlling capabilities, increasing the research and develop-
ment and investment of monitoring technology, risk spatial and temporal distribution
methods to achieve timely and comprehensive awareness and accurate positioning
after the risk is revealed.

In terms of risk prediction, improving the ability of big data integration and anal-
ysis, breaking through the core technology bottleneck of big data, and strength-
ening the training, introduction and guarantee system of professional and technical
personnel. On the basis of the comprehensive collection of urban risk big data,
through the integration and analysis ofmulti-source heterogeneous data, fully exploit
the effective information in the data, so as to truly play the value of risk big data.
Focusing on “collecting, communicating, and using” and its security support to break
through the core technical bottlenecks such as data collection, aggregation, storage,
cleaning, integration and analysis, and provide support for urban public emergency
decision-making. At the same time, the smooth operation of urban safety and risk
management is inseparable from the scientific research and innovative thinking of
big data technology talents, who are the driving force and blood of urban innova-
tion and development. Through the improvement of the training system for big data
related professional and technical personnel, the establishment of big data disciplines
and related majors, increase training, and reserve big data professional, and technical
personnel. Implement practical talent introduction programs, includingmethods such
as simple point system, high-level settlement subsidies, and low-cost housing. And
a more targeted selection, use, education, and retention process, a comprehensive
talent security system and policies, providing a good development space for profes-
sional and technical personnel, providing protection support from the perspectives
of medical, pension, housing, and children’s education.

In terms of risk response, build and improve the urban safety data resource infor-
mation sharing mechanism and the deep collaborative and linkage mechanism of
multi-department and agent to build a big data sharing service platform. In the
event of urban emergencies, it is often necessary to coordinate with various govern-
ment departments such as public security, transportation, communications, first aid,
electric power, and urban management. Therefore, it is necessary to improve and
perfect the deep synergistic linkage mechanism of multiple government depart-
ments to achieve cross-regional and cross-department,multi-agent unified command,
rapid response, coordinated prevention, joint action. At the same time, the multi-
departmental high-coordination linkage response must be based on the deep sharing
of risk big data. Therefore, it is necessary to establish a resource database and a big
data sharing service platform to form a resource complementing and information
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sharing operation mechanism under the unified data management system. Confirm
the boundaries, responsibilities, systems, and rules of data integration and sharing
to ensure that urban safety data resources are exchanged and shared reasonably and
efficiently, eliminating “data island,” maximizing data collection, fully exploiting the
added value of data, and comprehensively ensuring urban safety.
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Chapter 15
Network Teaching Based on Multimedia
Technology: An Example of Ideological
and Political Theory Course

Yu Fang, Jing Dai, and Peng Shao

Abstract The cultivation of college students’ ideological educationmainly depends
on the course of ideological and political theory, and the course of ideological and
political theory also serves as the main export way to cultivate the scientific, practical
and humanistic nature of college students, and promote them to become the spiritual
pillar of a new generation. Ideological education follows the form of seeking change
and innovation, adapting to development, and teaching students in accordance with
their aptitude. Teachers have also changed their teachingmethods. Usingmultimedia
technology to update teachingmethods can arouse students’ learning enthusiasm and
stimulate their learning enthusiasm. However, because teachers’ thinking teaching
methods and curriculum analysis do not pay attention to students from multiple
perspectives, the teaching effect is lack, and the ideal state has not been reached after
the reform. Therefore, in the ideological and moral classroom based on multimedia
technology, students’ subjective initiative and creativity should be fully mobilized
to avoid the teacher-centered theoretical situation. Based on the multimedia tech-
nology platform, teachers combine online teaching with offline teaching to form
a new educational concept. Let students have more opportunities to interact with
teachers, improve students’ cognition and acceptance of ideological and political
theory courses, enhance the emotion of teachers and students, and promote the devel-
opment of ideological and political theory courses. Under the new and old concept,
students have a new experience, the corresponding professors and teachers have a
new ability to improve. This virtuous circle promoted the development of ideological
and theoretical education. That’s a nudge.

15.1 Introduction

With the society, schools, teachers, and students paying more and more attention to
the newly implemented educational methods, many schools take the ideological and
political ethics course as the focus of reform, and there will be friction under the
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alternation of the old educational concepts. The previous education mode was single
and inflexible, which resulted in a teacher-centered teaching mode [1]. As a result,
the students of streamlined education stagnate or even regress. This is the reason
why many colleges and universities can’t finish the enrollment rate, teachers can’t
bring out students, and students’ grades are low. Under the tide of contemporary
big data Internet, it is urgent for ideological and political education to adapt to the
reform of the times. The new ideological and political education attracts students to
learn ideological and political education through new teaching methods and colorful
teaching thinking. Stimulate students’ independent study and teachers’ independent
research and innovation. Teachers with new ideas and students with strong self-
awareness collide with each other. The new teaching mode strives to give full play
to students’ subjective consciousness and stimulate students’ autonomous learning.
Through the online education mode of the new media platform, students’ thirst for
knowledge is opened and the interaction between students and teachers is stimulated.
At the same time, it also improves the professional ability of teachers. Under the
new education mode and concept, with the joint efforts of teachers and students, it
has also delivered talents for this field and laid a solid foundation for research and
development projects and field development. Therefore, the ideological and political
education under the new media is the key research direction in the future [2].

15.2 Questionnaire Analysis

The project team distributed and recovered 550 valid questionnaires, which consti-
tuted the total sample size of this investigation and analysis (see Table 15.1) [3]. To
a certain extent, the samples can represent the overall situation of the application
of multimedia in ideological and political courses by teachers at different levels of
colleges and universities. The results of the investigation are reported as follows,
in order to provide reference for relevant universities to better carry out ideolog-
ical and political courses with the help of the Internet. The project team designed
three questions to investigate the current development of ideological and political
courses, namely “How much do you think students are interested in ideological and
political courses?” “Do you know about online teaching, and do you often use the
network to carry out teaching activities?” “How do you evaluate the overall situa-
tion of the application of online teaching of ideological and political courses in your
university?” Through the exploration of three problems, this paper finds out several
problems existing in the ideological and political courses in colleges and universities
[4].
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Table 15.1 Basic information of samples (N = 550)

Project Category Number Percent (%)

Sex Woman 340 61.82

Man 210 38.18

Teaching age 1–5 years 140 25.45

6–10 years 58 10.55

11–15 years 109 19.82

16–20 years 51 9.27

More than 20 years 332 34.91

At the university level “211” or “985” project colleges and
universities

74 14.8

Main construction, university jointly built by
province and ministry

103 18.73

Common undergraduate course college 176 32

Independent college, private undergraduate
college

31 5.64

Vocational college 166 28.83

15.2.1 The Survey Found That Most Students Are Not
Interested in Ideological and Political Courses

“Howmuch do you think students are interested in ideological and political courses?”
3.64% choose “very interested,” 40.18% are interested, 52.73% are not interested,
and 3.45% are not interested at all. If the sum of “very interested” and “interested” is
used as a measure of interest, then the interest of college students in ideological and
political courses is 43.82%,while 56.18%of students are not interested in ideological
and political courses (see Table 15.2) [5].

Table 15.2 Students’ interest
in ideological and political
courses

Option Subtotal Percent (%)

Be full of interest 20 3.64

Be interested in 221 40.18

Lose interest in 290 52.73

Not at all 19 3.45
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Table 15.3 Teachers’
understanding of multimedia
technology

Option Subtotal Percent (%)

Know, often help 157 28.55

Know, not often 342 62.18

Not understand 51 9.27

15.2.2 Teachers Use Multimedia Teaching

The survey found that most teachers didn’t understand the use of multimedia, among
which 28.55% chose “understand and often use it,” 62.18% “understand but not often
use it” and 9.27% “don’t understand it” [6].

From the results of the questionnaire survey, although the teachers of ideological
and political courses in colleges and universities know about online teaching, they
do not often use it. To assist the teaching of ideological and political courses see
Table 15.3.

15.2.3 The Survey Found That the Ideological and Political
Course Teaching in Colleges and Universities Is Not
Optimistic

According to the survey, among the teachers of ideological and political courses in
colleges and universities, 4.36% of them are “excellent,” 26% are “good,” 43.28%
are “moderate” and 26.36% are “poor.” According to the survey results, the overall
situation of ideological and political course teaching in colleges and universities is
not very good (see Tables 15.4 and 15.5).

Table 15.4 The overall
situation of the application of
online teaching of ideological
and political courses in
schools

Option Subtotal Percent (%)

Excellent 24 4.36

Good 143 26

Medium 238 43.28

Poor 145 26.36

Table 15.5 Actual use of multimedia teaching

Option Subtotal Percent (%)

Network teaching is main, teacher explanation is auxiliary 23 4.18

The teacher explains primarily, the network teaching is auxiliary 401 72.91

Student-led, teachers and network multimedia as auxiliary 126 22.91
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Table 15.6 Interactive aspects

Option Subtotal Percent (%)

Browse the web, look up and retrieve relevant information 469 85.27

Proficient in PPT courseware design and making 471 85.55

The teaching video can be edited and recorded 181 32.86

Familiar with microblog, WeChat, QQ, news headlines, and other
software

357 64.87

Less skilled 90 16.43

Although the vast majority of teachers think that they are skilled in using network
information technology, only 32.86% of teachers have made choices in recording
and editing multimedia teaching videos assisted by network (see Table 15.6), and
98.02%of teachers have contacted and usedmultimedia. However, from the results of
the questionnaire, teachers’ choices for teaching work are mostly simple and boring
multimedia presentations such as PPT. In this teaching activity, animation videos
are not inserted and students interact with each other, and teachers only serve as
“explanations” [7].

From the data analysis of the three tables, it can be concluded that 52.73% of
the students are not interested in the subject of ideological and political education,
because teachers have not mastered the teaching methods and channels correctly.
With the popularity of the Internet, students are no strangers to online education,
which proves that students’ cognition is acceptable in teaching online courses. But
why only 4.36% are satisfied with the development of online courses? 62.18% of
teachers know the Internet but lack the ability to applymultimedia technology.Online
teaching can’t always perceive students’ absorption ability like face-to-face, so they
can’t put teaching first. Teachers should integrate face-to-face experience and multi-
media technology into application, develop colorful teaching methods, and interact
with each other vividly, so as to drive a lively learning atmosphere, change the dull
and dull atmosphere, stimulate students’ interest in ideological and political affairs,
and cultivate students’ autonomous learning ability. Creating a new teaching atmo-
sphere and learning style will naturally make the development of thinking class by
going up one flight of stairs [8, 9].

15.3 Conclusion

Ideological and political education needs the joint efforts of teachers and students to
be promoted. Teachers should adapt to the new teaching mode, update the teaching
methods, adapt measures to local conditions and teach students in accordance with
their aptitude. At the same time, “teacher-centered” should be changed into “student-
centered” so that students from passive learning to active learning, more conducive
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to the realization of teaching objectives. Network education is the necessity of devel-
oping and reforming traditional education. Teachers play a guiding role in the ideo-
logical and political classroom in the new era, and with the popularization of new
education, lead students to stimulate new growth, improve and optimize the ideo-
logical construction of students, and really apply ideological and political learning
resources.
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Chapter 16
Supervised Learning Epidemic
Threshold of SIR Model in Complex
Networks

Jie Kang and Ming Tang

Abstract Classifying phase transitions of epidemic outbreaks in different kinds of
complex networks is a central problem in network dynamics research. Deep learning
methods can be used to identify phases and phase transitions in complex networks
via supervised machine learning. However, most studies recently published focus on
dynamical information of a single node. As a matter of fact, structural features in
complex networks also play a significant role in dynamics progress. In this paper,
we propose a novel deep learning framework to combine the structural and dynam-
ical information into an image with multiple channels. Then, convolutional neural
network (CNN) is used to find phase transition depending on supervised learning
labeled image data. By training on regular random network data and scale-free
network data, we show our machine learning framework can learn the epidemic
threshold of SIR model in a high accuracy and robustness. What’s more, complex
networks with arbitrary topology and size and real networks can be used universally.

16.1 Introduction

During the last few years, the application of methods and techniques of deep learning
(DL) in complex networks has caused a great deal of concern [1–5]. As for the
advances in hardware and processing power of computers, which most notably
through the use of the GPUs, there were a number of techniques with remark-
able abilities to deal with complex networks’ high dimensional data. We can use
feature extractors to learn features of the complex network automatically, and it has
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been widely used in physics, sociology, economics, biology, etc. [6]. At present,
Network representation learning was mostly used for learning the structural data. It
can preserve structure information intact in complex networks by network embed-
ding, such asDeepWalk [7], Node2Vec [8], LINE [9], SDNE [4], and so on.However,
the applications of these methods are only on nodes such as node classification [10],
clustering [11], and link prediction [12].

Many real complex systems can be properly described by complex networks
through nodes and links, such as cooperation network, traffic network, social and
communication network. Nodes represent individuals and links generally represent
the interactions among other nodes [13]. We can fall complex networks into two
categories [14], mainly according to the connectivity properties. The first one is
exponential networks. A typical example is the random graph model proposed by
Erdős and Rényi [15], such as regular random (RR) network. The other one is the
scale-free (SF) networks. In particular, we will focus here on the Barabási and Albert
(BA) model [16], whose connectivity distribution is P(k) ∼ k−3 and depict real
networks better. Susceptible-infected-removed (SIR) epidemic spreading model is a
common infectious disease model, and it has certain reference value to analyze the
development trend of Coronavirus Disease 2019 (COVID-19) [17].

Phases and phase transitions are widely present in epidemiological dynamics in
complex networks. It is worth noting that propagation dynamics in complex networks
are similar with the Ising model. The work of Carrasquilla et al. proposed a stan-
dard feed-forward neural network and convolutional neural network (CNN) frame-
work [18], which can detect the Ising model’s critical temperature precisely [19].
Especially, imagelike data of Ising model is able to store the topological phases in
condensed matter systems. We have already applied deep learning methods to iden-
tify the threshold of SIS model dynamics [20, 21]. All these accomplishments were
demonstrated that the threshold and the critical point phase transition in the different
model can be discovered through these deep learning methods.

In this paper, we exploit a CNN-based deep learning method to learn and identify
phases transitions of SIR epidemic spreading in complex networks. There are many
differences between the SIR model and the SIS model. The microdynamical state in
the complex network of SIR model is more complex because of an extra recovery
(R) state. On the other hand, the numerical simulation of SIRmodel is an irreversible
dynamic process with an endpoint. So far, there exist many theoretical studies on
its epidemic threshold, but that’s not always the case with numerical simulations.
Based on the assumption of homogeneous mixing, the numerical threshold of the
SIR model can be defined as [22],

λHMF
c = 〈k〉

〈
k2

〉 − 2〈k〉

where the value of 〈k〉 and
〈
k2

〉
are the first and second moments of the complex

network’s degree distribution, respectively.
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The rest of the paper is organized as follows. In Sect. 16.2, we introduce the
epidemic threshold of SIRmodel and the proposed CNN-based deep learning frame-
work. Section 16.3 presents the results and performance of the proposed model by
supervised learning method. Finally, Sect. 16.4 is devoted to the analysis of robust-
ness and Sect. 16.5 gives our conclusion in this work and discussion for further
research studies.

16.2 Basic Definitions and Models

In this section, wewill introduce the standard SIR spreadingmodel and deep learning
method that are used in our work, as well as the structure of the training imagelike
dataset.

16.2.1 SIR Epidemic Model and Threshold

The standard SIR model [23] is suitable for two situations: the first is that patients
can obtain lifelong immunity after cure, such as mumps, measles, and smallpox. The
second is death is almost inevitable, such as AIDS. In the first spreading process,
an infected node can transmit a disease to its neighbors whose state is susceptible
with the infection rate β. Then, in the next moment, suppose that the infected nodes
become removed with a steady rate γ . The basic reproduction number is defined as
the average number of other susceptible neighbors that an infected node can infect
before being removed λ = β

γ
. In this work, we suppose γ = 1 which means an

infected node will become removed in the next time step, and the threshold value of
λ, denoted as λc. The active state and absorbing state are two phases in the epidemic-
spreading dynamic. When the basic reproduction number λ < λc, the system tends
to approach the absorbing state in due time and an epidemic will be limited in very
few nodes. When λ > λc, the disease in the system will outbreak and be in the active
phase. A finite percentage of nodes on the networkwill eventually infect an epidemic.
The SIR epidemic model is an irreversible spreading dynamics, so the system in the
final state has no infected node. The differential equation is described as follows:

⎧
⎨

⎩

ds
dt = −βsi
di
dt = βsi − γ i
dr
dt = γ i

Numerical simulations are typically employed in the study of phase transitions.
Variability measure is a standard measure to determine the threshold of SIR model
[24]:
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� =
√〈

ρ2
〉 − 〈ρ〉2
〈ρ〉

where ρ is denoted as the outbreak size, 〈ρ〉 and 〈ρ〉2 denote the first and second
moments of ρ in a large number of realizations, respectively. The peak of the vari-
ability is an indication of the SIR epidemic threshold λ�

p , which gives the theoretical
threshold. The training data sets are obtained by Monte Carlo simulation of SIR
model.

16.2.2 Proposed Deep Learning Framework

We propose a CNN-based machine learning framework to identify the threshold of
SIR dynamics model by supervised learning method. First of all, we embed the high
dimensional network into 2-dimensional space. Our strategy to use the CNN model
is to convert the network into an image with epidemic dynamical information (S state
and R state) added by 2 channels. After that, we feed the representative images into
the CNN to indicate how possible the input image is in one specific phase.

In the following text, specific content in detail of our proposed framework is
expounded and why it is powerful in the model.

a. Network Representation Learning (Network Embedding): Due to the develop-
ment of network representational learning, we have a wide selection of network
embedding algorithms. We select Poincaré embedding [25], which is suitable
to model hierarchical structure, and which is existing in real complex networks
widely [26, 27]. In the Poincaré ball model, the information of hubs is able to
maximize and the complex network is represented with a hierarchical structure.

b. Discretize network embedding and add nodes’ dynamical information: Since the
bivector of nodes in the complex network is a point cloud in a 2-dimensional
space and cannot be processed by CNN, we then take forward to rasterize the 2-
dimensional scatter into an image [28, 29]. We can divide the areas into 48 * 48
grids and then make the pixel grayscale in the image as the number of nodes
which is S/R state in each grid in 2 channels, respectively. In this manner, a
grayscale image with 2 channels obtained contents both the structural informa-
tion of the overall complex network and nodal dynamical states. We consider
the image data sets with a certain value of λ consists 1000 SIR dynamical simu-
lations. As is represented in Fig. 16.1, the Zachary’s Karate Club network [30]
after a spreading dynamical simulation is converted into a grayscale image.

c. CNN architecture: The proposed CNN model is able to learn the structural and
dynamical information from the training image data. And in the test image data,
the model can predict the probability of test images which phase it belongs to.
In this work, the size of input images is (48, 48, 2), where 2 is the number of
channels. The CNN architecture contains 2 convolution layers, 2 max-pooling
layers. The size of the convolutional filter is 3 * 3, and the size of the pooling
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Fig. 16.1 The pipeline of embedding Karate Club network into 2-D image with 2 channels

kernel is 2 * 2. The first convolutional layer has 32 convolutional filters, and the
second convolutional layer has 64 convolutional filters, and the fully connected
layer has 128 units. ReLU activation function map data in a nonlinear way to
prevent gradient vanishing. In addition, we use Dropout [31] and L2 regulariza-
tion to avoid overfitting. The ratio of dropout is rare = 0.5, and regularization
coefficient is l2 = 0.01. Adam optimizer [32] is used to improve the learning
efficiency. The output layer has only one unit which gives the probability of the
phase constrained from 0 to 1 by sigmoid function. Specifically, the closer the
output is to 0 (or 1), the more likely the neural network thinks that the current
input system state is in the absorbing (or active) phase. Other hyper-parameters
are set as: batch size Nb = 128, learning rate α = 0.001. This architecture can
be easily built from Tensorflow [33].

16.3 Learning by Supervised Method

We conduct a large number of synchronous updatingMonte Carlo simulations of SIR
model to obtain the training and test image data set, and the CNN’s predicting results
of a RR network and a BA network are present in this section. Provided that we
have the image set is determined along a tuning parameter λ, which also controls the
image’s true label (less than the threshold is denoted as 0, greater than the threshold
is denoted as 1). Thus, a supervised learning method is used to learn the relationship
with training data and labels. After multiple training the parameters in the CNN, the
test image set will obtain the probability of its label. When λ is far less than λc, the
neural network predicts the labels’ results of 0.When λ is far more than λc, the neural
network predicts the labels’ results of 1 accurately. However, when λ is close to the
true threshold λc, the accuracy will be significantly reduced. The predicted output of
50% represents the threshold of the SIR model of the complex network.

The first task is applied in a homogeneous complex network. We generate a RR
network with N = 1000, k = 10. As is shown in Fig. 16.2a, when λ is far less
than λc, the result of output layer is 0, and when λ is far more than λc, the result of
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Fig. 16.2 Learning phase transition on a homogeneous and heterogeneous network by supervised
method. a For a RR network of size N = 1000 and average degree k = 10. b For a BA network
of the same size N = 1000 and m = m0 = 3. The function of the average results of output layer
and infection rate λ for the SIR spreading dynamics is as shown. The intersection of the dotted blue
line and the output layer’s predicted probability of 0.5 is basically no difference

output layer is 1. The CNN can predict the system dynamical state accurately. The
solid black line represents the predicted probability of 0.5, and the dotted blue line
represents the variability index λ�

p of the random network, λc = λ�
p = 0.108. At the

average predicted probability of 0.5, the result of the supervised learning method is
λ

′
c = 0.104, which is very close to the actual threshold value.
The BA network is a typical heterogeneous network, the result is shown in

Fig. 16.2b. For the BA network with the same size (N = 1000) andm = m0 = 3, the
peak of the variability is λc = λ�

p = 0.093. The result of supervised learning shown
in solid black lines is λ′

c = 0.093, which is indistinguishable with the theoretical
threshold. In general, we can say the proposed method can detect phase transition
accurately for homogeneous and heterogeneous complex networks. Theoretically,
this method can be applied to data of various network structures.

16.4 Robustness Analysis

In order to test the robustness of the supervised learning method against noises,
we generate a proportion of labels inverted for the training image set, and then
we observe the CNN’s predicted output layer and the theoretical threshold λ�

p . We
systematically use three error rates of labels, which are 2, 10, and 20%, which are
visualized in Fig. 16.3. The results of the experiments are shown in Fig. 16.3. This
CNN framework has good robustness. The results of output layer change very little,
as the error rate of labels increases. Experimental results show that the proposed
model is effective and has a good performance.



16 Supervised Learning Epidemic Threshold of SIR Model … 131

Fig. 16.3 Robustness analysis of supervised learning method. The dashed black line represents
the theoretical threshold λ�

p . Circles, triangles, and crosses represent the results for 2, 10, and 20%
error rates

16.5 Conclusion and Discussion

In this paper, we propose a CNN-based framework, which mainly incorporates
complex network and network representation learning, to learn and identify the
phases transition and the threshold of SIRmodel’s epidemic dynamics.With Poincaré
embedding, we obtain an image for each SIR dynamical simulations in a complex
network, and then CNN framework is used to implement the binary classification
task of SIR epidemic dynamic’s two phases. Our method performs well on homo-
geneous and heterogeneous networks. The method is robust, well-behaved, and
computationally efficient.
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Chapter 17
Research on the Method of Alleviating
Depression in Pregnant Women Based
on Social Mobile Phone Application

Xiaoyan Wei

Abstract The use of social mobile apps can significantly improve the health of
pregnant women, thus reducing their likelihood of developing depressive symptoms.
For this reason, the relevant research contents will be summarized first in the study
of this paper, and then the analysis of specific results will be completed by collecting
experiments, data screening, and correlation analysis, thus completing the study of
this paper.

17.1 Depressive Symptoms in Pregnant Women

The symptoms of depression in pregnant women are first reflected in the change of
mood, among which the typical mood will be persistent low, lack of energy, easy
to sleepiness, and some pregnant women will often cry. Most patients experience a
decrease in self-evaluation during pregnancy and even a loss of confidence in later
life. At the same time, some first-time pregnant women will also have a discordant
relationship with their husbands, resulting in a loss of enthusiasm for life. After
reviewing the relevant literature, it can be found that the severity and occurrence
probability of depression symptoms of pregnant women are related to their educa-
tional level, marital status, family income, and social situation of pregnant women.
Therefore, this paper will choose social mobile application to study it [1–3].

17.2 Research on How Social Mobile Apps Can Alleviate
Depressive Symptoms in Pregnant Women

Social mobile apps are not only accurate and efficient, but also non-invasive to
study maternal health and depression. Due to the characteristics of its already exists

X. Wei (B)
School of Information Technology and Electrical Engineering, The University of Queensland,
Brisbane, QLD 4072, Australia
e-mail: lianchao2019@163.com

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
L. C. Jain et al. (eds.), Wireless Technology, Intelligent Network Technologies, Smart
Services and Applications, Smart Innovation, Systems and Technologies 258,
https://doi.org/10.1007/978-981-16-5168-7_17

133

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5168-7_17&domain=pdf
mailto:lianchao2019@163.com
https://doi.org/10.1007/978-981-16-5168-7_17


134 X. Wei

Table 17.1 Statistics on
depression among users of
social mobility apps

Social media
types/user
types

Normal users Mildly
depressed user

Major
depressive
disorder users

QQ zone 461 (60.5%) 280 (36.7%) 21 (2.8%)

WeChat
moments

131 (36.8%) 218 (61.3%) 7 (1.9%)

as a kind of mainstream psychology research way, after a lot of research to find
pregnant women suffer from depression or with depression tendency compared with
the ordinary people in social mobile applications shows behavior is very different,
its social activities is relatively small, not only emotionally and more negative. After
analyzing the content of his posts, it can be found that he also uses more angry words
and uploads some private information to express his depression. At present, this
paper starts with several mainstream social mobile applications in China. However,
compared with normal users, the number of pregnant women with depression is
relatively small, so the sampling is unbalanced. In the future studies, a large amount
of research work will be used to complete the training samples.

17.3 Research Methods

17.3.1 Data Acquisition

In this study, we invited users to fill out the self-rated depression questionnaire to
obtain usage content and complete data analysis. The results were compared with
those of ordinary users. Meanwhile, the social account information of some people
was also collected, and the data of those who fully participated in the experiment
were kept strictly confidential. At the same time, in order to obtain the safety of this
paper, the quality of the questionnaire data can be used Beck Depression Inventory
(BDI) and self-rated depression scale, which is the most useful in measuring the
scale of clinical depression, as shown in Table 17.1.

17.3.2 Data Feature Screening

The above data is obtained after data feature screening, and in the process of feature
screening, we should first analyze its behavior characteristics. Its behavior charac-
teristics include original post vocabulary content, interactive content between users,
and the number of posts from 0 to 6. Secondly, it contains language features TF. The
content of this study mainly comes from linguistic inquiry and word count (LIWC),
including emoticons di and first person singular and plural words ω. At the same
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time, frequency is also an important reference point in the process of research. For
language features, it is the total amount of category J feature words published by
users in their posts

TF j =
n∑

i=1

include (di , ω j )

include (di , ω j ) =
{
0, other
1, If post di contains featureω j

(17.1)

In the normalized frequency NTF (An acronym or abbreviation for a simple
language definition), the JTH (An acronym or abbreviation for a simple language
definition) feature of the user is converted into frequency, and the mapping of [0, 1]
is completed at the same time. In this process, it must satisfy:

NTF j = TF j

n
(17.2)

Finally, in the Z-score standardization frequency, a certain feature ZTF of all users
will be normalized by NTFμ:

ZTF j = NTFj− μ

σ
(17.3)

17.3.3 Data Correlation Analysis

The correlation analysis carried out in this study was based on the subject vector and
data analysis results, so it does not only rely on individual words or parts of speech.
In two different mobile applications, a total of 74 word types of mobile phones were
completed, but not all of the mobile phone contents were related to depression [4–6].
Therefore, the research center in this paper can select the classificationmodel through
the relationship between the eigenvalues and the self-rating scale. It is assumed that
all the eigenvalues in this paper show a normal distribution relationship with the
eigenvalues; that is, the Pearson correlation coefficient can be used to calculate the
correlation. In order to display the selection results of correlation characteristics, the
details are shown in Table 17.2.
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Table 17.2 Relevant feature
details

Characteristic Sense Pearson
coefficient

Significant
level

Mention Symbol −0.24 0.035

Shehe Third person
singular
pronoun

−0.247 0.030

Verb Verb −0.228 0.039

Preps Prepositions −0.258 0.018

Interjunction Particles −0.218 0.036

17.4 Data Result Analysis

According to the above analysis method and experimental results, there are 25
subjects set in the experiment, and the details of their influence on the data results
are shown in Fig. 17.1.

By comparing the experimental results with other results such as bag of words
model (BOW) and Word2Vect (bag of words model), it can be found that the char-
acteristic value of LIWC is relatively good, which is mainly because it is more
consistent with the statistical logic of this paper from the perspective of psychology.
At the same time, according to the related literature statistics, it is found that other
studies have used Weibo database as a source of research and add the analysis of the
characteristics, and the related conclusions can find it not only can use the user-rating
scale approach to statistical results; dialects can also cooperate with relevant content
further complete the user depression tendency of confirmation. Not only will the
data collected be of better quality, but will also make a clearer distinction between
depressed and non-depressed users. If conditions permit, statistics should be carried
out in more types of software programs, so as to enrich the emotional and social
relationship characteristics of users [7, 8].

Fig. 17.1 Influence of the
number of topics on the
detection model
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17.5 Conclusion

Through the study of this paper, it can be found that social mobile applications
have an obvious effect on alleviating the depressive symptoms of pregnant women.
Through the analysis of data results, the specific impact was discussed in terms of
sample selection results and characteristic quantification. It is hoped that the content
of this article will arouse the attention of all sectors of society and help pregnant
women relieve the symptoms of depression during pregnancy in an all-round way.
At the same time, limited by the length of the research content is not comprehensive,
I hope that the research in this aspect can be further carried out in the future.
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Chapter 18
Research and Development of Virtual
Simulation Software Based
on Multimodal Sensory Theory

Guan Huang and Dan Chen

Abstract The presentation of multimodal sensory theory and the continuous devel-
opment of virtual reality technology provide new ideas and methods for the teaching
reformof experimental education in colleges and universities.On the basis of defining
the core concepts of multimodal sensory theory and virtual reality technology, this
paper constructs a virtual simulation software development framework based on
multimodal sensory theory, expounds its key technologies, and tries to develop a
series of visual, operable, understandable, and interactive virtual simulation soft-
ware under the guidance of multimodal sensory theory and uses deep learning algo-
rithm to quantify and visually analyze the data of users’ behavior, emotion and
cognitive engagement, and diagnose and evaluate users’ learning engagement and
concentration, which effectively promote the reform of virtual reality education.

18.1 Research Background

With the rapid development of the information age of “Internet + education,” our
country put forward “selecting and developing 1500 sets of virtual simulation and
training experimental systems” and “innovating the application mode of simulation
and training resources to improve the use efficiency” in the Ten-year Development
Plan of Educational Informatization (2011–2020) [1]. The remarkable breakthrough
in the construction and application of virtual simulation educational resources has
put forward a new direction for the development and reform of experimental teaching
construction and educational informatization in colleges and universities. In higher
education form, meaningful learning and actively constructing knowledge represen-
tation encourage learners to real learning and working system memory theory, dual
coding theory, cognitive load theory such as multimedia general cognitive psycho-
logical theory, and the depth of the education teaching, learners perception intentions
give full play to the learners’ subject-learning initiative, enthusiasm, and creativity.
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Single-modal information of sources can cause errors in learners’ perception or
intention understanding. The single information sources to be integrated is weighted
according to their reliability, and the combined estimation obtained is more reli-
able than any information source itself [2]. Under the guidance of multimodal
sensory theory, a new generation of virtual reality technology is integrated to seam-
lessly transform the physical space where experimental teaching learners live into
virtual space, which is conducive to the development of virtual reality educational
resources, enhancing learners’ learning experience, and improving the quality of
virtual simulation experiment teaching in colleges and universities.

18.2 The Definition of Core Concepts

18.2.1 Multimodal Sensory Theory

Multimodality refers to multiple senses. Kolb and Whishaw [3: 174] pointed out
that the five senses of sights, hearings, touches, smells, and tastes should be more
accurately referred to as “five modality” or “five groups of SCDSeS.” Each modality
has its own sub-modalities [3]. In the process of constructing information learning
and cognition, human sensory systems are interrelated and work together to inte-
grate the information in different sensory channels to form a coherent perceptual
process. Therefore, the multimodal sensory theory can interconnect the sensory
subjects inside the bodywith the outside world and interact with each other. In virtual
reality, the innovation of entering multichannel presentation mode through single-
channel presentation mode points to a new reform mode of education and teaching.
The emergence of multimodal sensory theory provides new ideas and guidance for
the design of virtual simulation educational resources, which can not only improve
the teaching quality, but also have important significance for training learners to learn
efficiently. In the bookVirtual Reality Technology (Second Edition), the definition of
virtual simulation is: “Virtual reality is a high-end man–machine interface, including
real-time simulation and real-time interaction of various sensory channels such as
touches, hearings, smells, and tastes [4].”

18.2.2 Virtual Simulation Software

Virtual reality (VR) is a comprehensive integration technology with computer
technology as its core. It uses three-dimensional display technology, environment
modeling technology, realistic real-time rendering technology, etc., to generate a
three-dimensional realistic virtual environment. With the help of wearable helmets,
handles, and other sensing devices, users can experience the immersive virtual realm,
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Fig. 18.1 Key technologies of virtual simulation software development

perceive and operate various elements in the virtual environment in real time, and
generate immersive deep interaction.

18.3 The Key Supporting Technologies of Virtual
Simulation Software

The key technology of virtual simulation software mainly revolves around the accu-
racy of the virtual environment, sensory information synthesis of the authenticity
of the virtual environment, and human and virtual environment interaction of natu-
ralness, real-time display, and graphics generation, for solving the problems of the
intelligent technology enables users to immersive virtual environment perception, so
as to achieve the aim of exploring and understanding objective things [5] (Fig. 18.1).



142 G. Huang and D. Chen

18.3.1 Stereoscopic Display Technology

Stereo display technology can make people feel more immersed in the virtual world,
and the introduction of stereo display can make the simulation of various simulators
more realistic. Research stereo imaging technology, and use the existing microcom-
puter platform, combined with the corresponding software and hardware system is
to display the stereo scene on the flat-panel display. Computer and projection system
use four stereo display technologies (color separation technology, light splitting tech-
nology, time-sharing technology, and grating technology) to deliver the film source
to both eyes, produce appropriate image offset, and form observable stereo images.

18.3.2 Environmental Modeling Technology

Obtain the 3D data of the actual 3D environment and establish the acquired 3D
data and the corresponding virtual environment model according to the applica-
tion requirements. Imitate the environment in the real world, the environment is
constructed subjectively by human beings and the invisible environment of human
beings in the real world. The main research object of geometric modeling tech-
nology is the representation and processing of geometric information of objects. It is
an algorithmic modeling method involving the representation of geometric informa-
tion data structure and the related construction and manipulation of data structure,
whichmeasures the absolute distance between two points inmultidimensional space.

18.3.3 Realistic Real-Time Rendering Technology

Realistic real-time rendering technology is divided into realistic rendering tech-
nology and real-time rendering technology. Realistic rendering technology refers
to the process of reproducing real-world scenes in computers. Real-time rendering
means that when a user’s viewpoint changes, the scene he sees is updated in time, so
that the speed of graphic display update must keep up with the speed of viewpoint
change.

18.4 Research and Development of Virtual Simulation
Software Based on Multimodal Sensory Theory

Virtual reality technology produces the experience of “existence” by mixing visual,
auditory, tactile, even olfactory, and gustatory elements. By the end of the twentieth
century, Burdea and Coiffet mentioned three basic characteristics of virtual reality
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technology, namely immersion, interaction, and imagination [6]. From the perspec-
tive of communication theory, the more senses are mobilized when receiving infor-
mation, the more the psychological image of things tends to be true, and the sensory
experience is maximized, while the communication utility is constantly increasing.

The Action Plan of Educational Informatization 2.0 requires that the construction
of demonstration virtual simulation experimental teaching projects should be taken
as the carrier to strengthen the construction of large-capacity intelligent teaching
resources and promote the mode change and ecological reconstruction of education
supported by new technologies [7]. After investigating a large number of virtual
simulation software technologies and products, the technologies and products that
can solve the above problems are integrated, and the key points of multichannel and
immersive interaction are grasped. After repeated technical demonstration and prac-
tice, the virtual simulation software development framework based on multimodal
sensory theory is finally constructed (as shown in Fig. 18.2), and teaching practice
activities are carried out in schools, and the practical application of virtual simulation
teaching resources covering the whole province is gradually built through integration
and optimization.

The framework integrates the new concept of “multimodal + VR” to meet the
needs of learning, experience, and interaction. It takes computer technology as the
soul, takes Idea VR resource base as the center, takes virtual reality tool software as
the foundation, and uses nature-oriented human–computer interaction equipment to
independently develop the model library and the action library to realize the whole

Fig. 18.2 Virtual simulation software development framework based onmultimodal sensory theory
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process immersion teaching, deeply understand learners’ emotions, innovate learning
methods, and build an intelligent, adaptive and innovative learning environment in
the future.

18.4.1 Based on IdeaVR Resource Pool as the Center

IdeaVR is a virtual reality engine platform independently developed by Shanghai
ManganDigital Co. LTD [8],which supportsmultiple people in different places.With
the help of the built-in powerful distributed multiperson collaborative system, the
multiperson collaborative work environment can be quickly constructed, so that all
users can be placed in the same real scene. In the new functional modules of IdeaVR,
such as voice communication, whiteboard, PPT play, and answering exams, the effi-
cient communication between users and the full coverage of “teaching, learning,
testing, and training” is realized under the multiperson collaboration mode [3]. The
3D model of related scenes is established based on IdeaVR resource library, and
the 3DMAX software self-developed model is imported into IdeaVR 2019 software.
After IdeaVR performs spatial orientation conversion, position coordinate adjust-
ment, model size scaling and material setting, and PPT and animation production
are established according to the actual needs of the experiment, thus to understand
the generation of virtual simulation resources [9].

18.4.2 Natural Interaction Technology

Various behaviors of learners are recorded through intelligent video terminals and
natural data such as identities, emotions, locations, and actions are identified. Speech
recognition is used to convert learning content intowords and analyze their emotional
data. Content recognition and emotion recognition throughwritten words record user
operation behavior data of learning terminal.

In the design of virtual simulation software, the use of multimodal sensory theory
has three levels of connotation: One is to mobilize the sensory function of the audi-
ence through multisensory integration, making the information receiving process
more active, interesting, and intuitive. Second, the image language can be extended
froma single visual communication information, using the physiological and psycho-
logical characteristics of human senses to broaden the artistic expression form from
the perspective of cognition. The third is to explore the influence of multisensory
association on the information expression of virtual simulation software to better
evaluate the effectiveness of information communication and the audience’s internal
and external experience.
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18.4.3 The Advantages of Immersive Interactive Learning
Resources

➀ Facing education

Virtual simulation software based on multimodal sensory theory has very good
compatibility, requires people-oriented and self-learning, and can be applied to
students of basic education and higher education. Learners can choose their own
learning resources, automatically match related models and actions, and have inter-
active and immersive feelings. At the same time, learners can choose the story plot
to decide the final story of outcome and can also choose the perspective of a certain
character in the story to watch the development of the story. It breaks the limitation
of students’ contact with knowledge and makes interest, teaching, and experience
become immediate and real personal experience.

➁ Rich in content

The software develops a series of VR education products aiming at the basic educa-
tion and higher education courses in primary and secondary schools, which covers all
school sections and disciplines, and can be quickly customized according to special
needs. It adopts deep integration of various technologies and presents and restores
teaching knowledge points 1:1, which can fully meet the individualized needs of
users, increase learners’ fun, combine theory with practice, promote students’ accep-
tance and understanding of knowledge, and help students develop in an all-round
way.

➂ Strong pertinence

Through the project research, we fully understand the characteristics of the school’s
characteristic courses, complete the professional excellent course resource database
with each key specialty, realize the unified teaching resource information sharing,
promote the digitalization and networking process of the school’s teach, and provide
new convenient support for teaching of information. And, form a teaching envi-
ronment in which various multimedia teaching forms coexist, such as teaching and
learning, teaching and training, physical projection, micro-display, and simulation,
which realizes the sharing of data resources and improves the teaching environment.
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Chapter 19
Construction of Intelligent Information
Platform for Preschool Education Based
on Big Data

Xia Yu

Abstract Preschool education has always been an important teaching field in China.
The state has issued many relevant policies to support the development of public and
private kindergartens and invested a lot of money to promote the quality of preschool
education and ensure the popularization of preschool education and the diversified
development of schools. At present, there are a large number of kindergartens in
China, and the educational level of kindergartens in urban and rural areas is polarized.
The main reason lies in the imbalance of economic development between urban
and rural areas in China, which leads to the uneven distribution of all teachers and
hardware facilities owned by kindergartens. Therefore, how to use administrative
policies to eliminate thepolarizationof kindergarten education resources and improve
kindergarten education level is the key issue at present. With the help of big data
analysis, we can optimize the allocation of preschool education resources, establish
a kindergarten information collection system and obtain data, provide basic data
for formulating relevant education policies, and promote the optimal allocation of
preschool education resources.

19.1 Big Data Infrastructure Platform

Big data core platform has the ability to provide basic big data information. It is
divided into three subsystems: big data cloud extract-transform-load (ETL), big data
basic kernel, and big data analysis mining. Among them, the main functions of big
data cloud ETL subsystem are data extraction, data cleaning and transformation,
and data loading. With the help of big data platform, the relevant data from the
education evaluation system are processed concretely. The main function of big data
basic kernel subsystem is to store, calculate, and analyze data. MapReduce batch
computing, Hadoop distributed file system (HDFS) distributed file storage, Hadoop
database (HBASE) semi-structured data storage, and other related technologies are
usually adopted. MapReduce is a programming model, which is mainly used to
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Fig. 19.1 MapReduce model

simplify parallel computing and deal with a large number of computing problems.
Processing and generation of large data sets are often realized through algorithm
models [1]. Figure 19.1 shows the correlation model. The main function of big
data analysis and mining subsystem is to assist users in business and management
activities. It is mainly divided into data exploration, mining modeling, and model
evaluation. Its main processing object is the data stored in the platform. By obtaining
data in advance, identifying data characteristics, and selecting suitable processing
and analysis technologies, the analysis and mining of structured and unstructured
data in the platform can be realized [2].

19.2 Preschool Education Information Data Collection Part

In this paper, the effective school-running efficiency is the main index of collecting
data. In 2020, the number of effective preschool education provinces in China
is 13, accounting for 41.94% of all decision-making units. This shows that there
are regional differences in effective preschool education in China. In addition, the
number of effective provinces with pure technical efficiency is 20, accounting for
64.52%. The number of provinces with effective scale efficiency is 13, accounting
for 41.94%. Among them, the effective school-running rate and effective scale rate
are 13, accounting for 41.94% of all decision-making units. It shows that in terms of
pure technical efficiency and scale efficiency, preschool education in about half of
the provinces has failed to meet 1. It means that the educational resources invested by
the state do not play its due role in management and technical level [3] (Table 19.1).

According to the data displayed in 2020, the preschool education in about half of
the provinces failed to meet 1. It means that the educational resources invested by
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Table 19.1 Evaluation statistics of preschool education efficiency in China in 2020

Province Minimum
value

Maximum
value

Mean Number of
effective
provinces

Effective
provincial
specific
gravity (%)

Efficiency of
running

31 0.22 One 0.70 13 41.95

Pure technical
of efficiency

31 0.63 One 0.92 20 64.52

Scale of
efficiency

31 0.22 One 0.73 13 41.94

Table 19.2 2020 China’s preschool education adjustment evaluation statistics

Province Minimum
value

Maximum
value

Mean Number of
effective
provinces

Effective
provincial
specific
gravity (%)

Efficiency of
running

31 0.34 One 0.71 10 32.26

Pure technical
of efficiency

31 0.70 One 0.95 23 74.19

Scale of
efficiency

31 0.41 One 0.74 10 32.26

the state have not played their due role in the management and technical level and
need to be adjusted in a targeted way (Table 19.2).

Slacks-based model (SBM) is a non-parametric method, and its model is a kind of
data envelopment analysis (DEA) extended model, which is perfect. SBMmodel can
comprehensively consider the slack problems in input andoutput of relevant decision-
making units. Furthermore, it is not necessary to give the function forms involved
in production in advance, and it is not necessary to manually select the weights
of relevant indexes. Therefore, it has an extremely objective evaluation effect. In
addition, it can carry out effective treatment evaluation under the condition of more
input and output. Because SBMhas the characteristics of dealingwithmultiple inputs
and outputs, it is widely used in the field of educational efficiency evaluation [4].

Let n be the number of decision-making unit (DMUs), and any DMU has corre-
sponding input vectors and output vectors. Based on SBM model, its condition is
based on relaxation measure.

p = min
1± (1/m)

∑m
i=1 si/xiv

1± (1/h)
∑h

r=1 sr/yiv

In the above formula, the efficiency evaluation standard is ρ. The type of input
factor is m. The type of output element is H. Overall output of DMU is X. Overall
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investment of DMU is Y. X is the input vector of each DMUv to be evaluated. The
input vector of each DMUv to be evaluated is yiv. The ith index value of vector xv is
xiv.

min
δ

= t − (1/m)

m∑

i=1

si/xiv

s.t. 1 = t + (1/h)

h∑

r=1

sr/yrv

After conversion, the measure value of efficiency is expressed by δ. Input redun-
dancy of the vth decision unit can be obtained by si/xiv . Output shortage can be
obtained by sr/yrv .

SBM model evaluates efficiency through input-oriented model and output-
oriented model. Input-oriented model refers to the assumption that the estimation
efficiency is to minimize the input based on a given DMU output level. Output-
oriented model refers to the assumption that the estimation efficiency is to maximize
the output based on the given DMU input. This can be analogized to the preschool
education field, based on the limited input of educational resources by the govern-
ment, in exchange for the maximum output. Based on this, this study decided to use
SBM model to study the output orientation of preschool education resources.

Technical efficiency (TE) is expressed as pure technical efficiency (PTE)× scale
efficiency. The expression of scale of efficiency (SE) of DMU is technical effi-
ciency/pure technical efficiency. Therefore, the efficiency of running a kindergarten
can be calculated. When the pure technical efficiency is 1 and the scale efficiency is
1, it shows that the state is optimal; that is, the technical efficiency is effective. It is
an important index to describe the efficiency of running a kindergarten. Management
and technical level can affect the production efficiency of production units, that is,
pure technical efficiency. It is usually used as an important indicator to measure and
evaluate the efficiency of school education (e.g., school management, teachers’ level,
and teaching ability). The index that production efficiency is affected by unit scale is
scale efficiency. That is, the greater the productivity, the higher the scale efficiency,
and the more appropriate the production scale [5].

19.3 System Architecture

The system consists of two parts: the big data core platform and the baby plat-
form. Big data core platform has the characteristics of big data system operation and
resource management and scheduling. It can fulfill the main related requirements of
big data system, such as deployment, scheduling, and cluster management. Big data
core platform can fully meet the needs of running early childhood education and
processing data. Big data core platform can manage data in the whole process. Grab,
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Fig. 19.2 System architecture

clean, and import data by ETL and save the data separately according to functions
or characteristics (such as original number, and calculated data). If you want to deal
with a large amount of structured data, you can use the spark data engine and batch
computing (M/R) data engine. Itsmain advantage is that it is easy to import and effec-
tively reduce the difficulty of developing and migrating applications. Big data core
platform has the ability to provide basic big data information. It is divided into three
subsystems: big data cloud ETL, big data basic kernel, and big data analysis mining.
With the help of big data platform and big data technology, it can effectively face
different groups with multiple attributes, meet the specific needs and communication
of different groups for related data, and make resource utilization more effective. By
building an early childhood education platform, we can have more effective and
intelligent teaching methods and learning methods. At present, the infant system
platforms in use include intelligent guardian and intelligent classroom. As shown in
Fig. 19.2 [6].

19.4 Conclusion

At present, under the great environment of vigorously developing education for
all and education informationization in China, the development of early childhood
education has become a short board in the development ofChina’s education industry.
With the continuous development of China’s network, a variety of information plat-
forms are constantly emerging,which also drives the development of online education
platform for children in a certain process. Through big data, we can get the relevant
data in online early childhood education and keep the learning situation of early
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childhood in time, which reflects the great development potential of early childhood
education. Taking this as the research background, this paper uses big data tech-
nology to design the infant platform and put forward the corresponding construction
methods. It is hoped that the application of this platform will promote the realization
of personalized early childhood education.
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Chapter 20
Development and Analysis of Solenoid
Valve Controller Based on LoRa
Technology

Wufen Chen, Xianqun Jiang, Mingmin Chen, Qibin Liang, and Bo Zhang

Abstract In order to solve the shortcomings of wireless controllers such as short
communication distance and high power consumption in current automatic agricul-
tural irrigation, a solenoid valve controller based on long range (LoRa) technology
was developed. The controller is based on MSP430 microprocessor, supplemented
by charge and discharge control module, LoRa wireless communication module,
solenoid valve control module, data acquisition module, and other peripheral struc-
ture circuits. It also uses solar energy as the energy source to achieve long-term work
without battery replacement. The test results of the controller show that the trans-
mission distance of the controller can reach 2.5 km on the premise of less than 10%
packet loss rate, which can meet the requirements of automatic irrigation control.

20.1 Introduction

With the urgent demand for water saving, automatic controllers are widely used in
agricultural irrigation [1–3]. The traditionalwiredway inevitably presents difficulties
in field installation andmaintenance, somore andmore farmland adoptswirelessway
to control solenoid valve [4–6]. At present, the traditional wireless controller mainly
adopts general packet radio service (GPRS) or global system for mobile communi-
cations (GSM) mode, and the disadvantage is that it cannot work normally without
public network signal. The controller based on ZigBee technology has limited prop-
agation distance due to poor diffraction performance of electromagnetic wave in
2.4 GHz frequency band [7, 8]. In 2011, Wang and Li et al. designed and imple-
mented an automatic irrigation controller based on wireless fidelity (Wi-Fi), which
overcomes the problems such as difficult wiring of traditional wired controller and
unfriendly operation interface [9]. In 2014, Ping andGuowho come fromWuxi Insti-
tute of Technology designed an automatic irrigation controller based on low-power
microcontroller Launchpad, which realized effective switch control for irrigation
equipment pumps [5].
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Based on the actual demand of agricultural irrigation system, a kind of solenoid
valve controller based on LoRa technology is developed in this paper. The solenoid
valve controller can collect data and control the irrigation solenoid valve and has the
advantages of large monitoring coverage, strong stability, and flexible node setting.

20.2 General Structure of Irrigation Decision Control
System

Irrigation decision control system is mainly composed of field monitoring unit and
cloud monitoring center unit. According to the real-time information such as soil
moisture, pipeline flow, and meteorology, the irrigation decision-making control
system accurately analyzes the information of crop water demand and makes the
precise water control of the irrigation system, so as to realize the automation and
intelligence of the irrigation system.

The decision-making and control system of irrigation takes crops as the research
carrier. It detects the soil moisture content of each layer of crops and the micro
meteorological information in the field in real time andmakes appropriate and timely
precise irrigation strategy for crops according to the water demand model of crops.
After receiving the control command, the control node (solenoid valve controller)will
analyze the command frameanddata frameaccording to the specified communication
protocol, complete the corresponding action that is opening or closing the solenoid
valve, and complete the irrigation task. At the same time, the working state of the
solenoid valve is fed back to the monitoring center through the joint point of the
network. The network topology of the system is shown in Fig. 20.1.

Fig. 20.1 Network topology
of system
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Fig. 20.2 Overall hardware
structure of controller
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20.2.1 Hardware Design of Solenoid Valve Controller

The solenoid valve controller has a very low standby current and can work reliably
for a long time in continuous rainy weather. The controller adopts modular design
scheme, which is designed into different hardwaremodules according to the different
functions. It is convenient for upgrading and function expansion. It can be divided
into charge and discharge control module, core control module, data acquisition
module, solenoid valve control module, and LoRa wireless communication module.
The overall hardware structure of the controller is shown in Fig. 20.2. The physical
object of the controller is shown in Fig. 20.3.

20.2.2 Software Design of Solenoid Valve Controller

The software of the solenoid valve controller must have the following functions, such
as being able to accept the command frame sent from the monitoring center, organize
and analyze the command frame message according to the specified communication
protocol, open or close the solenoid valve according to the specific message content,
complete the filling action within the specified time, and feedback the working status
of the solenoid valve to themonitoring center in real time.Therefore, the systemuses a
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gateway node to communicatewithmultiple controllers. The communication process
is as follows: Firstly, after the gateway node starts or joins a wireless network, it is
placed in the allow binding mode to respond to the binding request sent from the
controller. Then after, the controller successfully joins the network established by
the gateway node, the controller will automatically discover and bind to the gateway
device because the gateway is in the binding-allowed mode, and then it will begin
to report the node status data to the gateway node. The switch of the solenoid valve
transmits the state of the controller and the state of the solenoid valve to the gateway
node through the LoRa wireless communication technology.

20.3 Analysis of Joint Adjustment of Solenoid Valve
Controller

20.3.1 Distance Test of Controller

Communication distance is one of the most important indicators to measure the
performance of the controller. The effective communication distance of wireless
LoRa is the premise to ensure the normal communication. In the test, we adopt
the point-to-point communication mode and fix the gateway node, then move the
controller. The controller sends data to the network joint point, and the node sends
data packets at a fixed time (5S). The frequency of test LoRa module radio frequency
(RF) center is set to 433 MHz, and the transmission power is 20 dBm. Fewer than
two conditions, the test carries out point-to-point test on the received signal strength
indicator (RSSI)-received signal strength and communication success rate. The test
results are shown in Table 20.1, and the broken line Fig. 20.4 is drawn according to
the test results.

It can be seen from Table 20.1 that under the two test environments, the received
signal strength and communication success rate decrease with the increase of
distance. The communication success rate of unsheltered open land is better than that
of sheltered farmland. The communication success rate can reach more than 90%
within the range of 2500 m. It can be seen from Fig. 20.4 that in the two test envi-
ronments, with the increase of communication distance, the received signal strength
and communication success rate are continuously reduced, and the test results in the
same test distance without shelter environment are better than those in the presence
of shelter, and the test results are in line with the pre-determined.

20.3.2 Packet Loss Rate Test of LoRa Module

The packet loss rate test environment of LoRa module is carried out under the condi-
tion that there are obstructions within 3 km. The test is divided into single-point
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Table 20.1 LoRa point-to-point communication distance test

Testing
environment

Unsheltered open land Sheltered farmland

Communication
distance (m)

RSSI (dBm) Communication
success rate (%)

RSSI
(dBm)

Communication
success rate (%)

500 −53 100 −59 99

1000 −56 99 −65 96

1500 −62 98 −77 95

2000 −66 97 −85 92

2500 −73 96 −82 91

3000 −70 95 −98 89

3500 −75 93 −109 84

4000 −83 93 −115 78

4500 −92 88 −127 75

5000 −99 82 −139 69

Fig. 20.4 Relationship between LoRa communication distance, RSSI, and communication success
rate

communication and multi-point communication. The packet size is divided into 15
and 30 bytes, and each group of tests receives and sends 1000 packets.

In the single-point communication test environment, we select a controller to
transmit data to the gateway node in a fixed time and one-way manner. The packet
size is divided into 15 and 30 bytes. The experimental results are shown in Table 20.2,
and the change of packet loss rate under different packet sizes is plotted in Fig. 20.5.

It can be seen from Table 20.2 and Fig. 20.5 that packet size has a significant
impact on packet loss rate. Under the same communication distance, the larger the
packet is, the higher the packet loss rate is. The reason is that the sending time interval
of 30 byte packet is longer than that of 15 byte packet, so the packet loss rate will
increase.

In the multi-point communication test environment, three controllers and one
gateway node are selected to form a wireless sensor network. The controller sends
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Table 20.2 Test results of packet loss rate of single-point communication

Communication
distance (m)

15 byte packets 30 byte packets

Packets received Packet loss rate
(%)

Packets received Packet loss rate
(%)

500 996 0.40 981 1.90

1000 985 1.50 953 4.70

1500 972 2.80 938 6.20

2000 947 5.30 914 8.60

2500 933 6.70 905 9.50

3000 878 12.20 864 13.60

Fig. 20.5 Test results of packet loss rate under different packet sizes

data to the network joints at the same time. The packet size is set to 15 bytes, and each
node sends 1000 bytes. The test results are shown in Table 20.3, and the change trend
of packet loss rate of multi-point communication is plotted accordingly in Fig. 20.6.

The test results are analyzed as follows: From the test data in Table 20.3, it can be
estimated that in the actual application scenario, when the communication distance
is less than 1.5 km, the packet loss rate is basically maintained within 5%, and when

Table 20.3 Packet loss rate test of multi-point communication

Communication
distance (m)

Packets received Packet loss rate

Node 1 Node 2 Node 3 Node 1 (%) Node 2
(%)

Node 3
(%)

500 991 988 990 0.90 1.20 1

1000 976 981 979 2.40 1.90 2.10

1500 950 953 964 5 4.70 3.60

2000 919 922 917 8.10 7.80 8.30

2500 881 887 892 11.90 11.30 10.80

3000 862 871 873 13.80 12.90 12.70
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Fig. 20.6 Packet loss rate test of multi-point communication

the communication distance is more than 2.5 km, the packet loss rate is more than
10%, which exceeds the maximum packet loss rate required by the system, so it
is not considered. Figure 20.6 shows that the packet loss rate will increase with
the increase of communication distance, and the packet loss rate of communication
between the three controllers and gateway nodes will be approximately the same.
From the comparison of test data in Tables 20.2 and 20.3, the packet loss rate of
multi-point communication is higher than that of single-point communication.

In a word, the transmission distance of the controller can reach 2.5 km when the
packet loss rate is less than 10%,which can fullymeet the requirements of large-scale
farmland automatic irrigation.

20.4 Conclusions

Aiming at the disadvantages of short communication distance and high power
consumption of wireless controller in agricultural automatic irrigation, this paper
adopts LoRa wireless communication technology to develop a kind of solenoid
valve controller. The controller is composed of MSP430 microprocessor, charge
and discharge control module, LoRa wireless communication module, electromag-
netic valve control module, data acquisition module, and other peripheral structure
circuits. Through repeated tests in the field, the controller can achieve a transmission
distance of 2.5 km on the premise of less than 10% packet loss rate, which can fully
meet the requirements of large-scale automatic irrigation of farmland and realize
long distance and stable irrigation control operation.
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Chapter 21
Research on Security Technology
Requirement for Zero Trust Security
Product

Haohao Song

Abstract Like “machine learning” and “AI,” Zero Trust has become one of cyberse-
curity’s latest buzzwords. Zero Trust security product becomes a new kind of network
security products. Due to the lack of professional testing and evaluation system for
Zero Trust security product, the basic security of Zero Trust security product cannot
be guaranteed. Research on security technology requirement of Zero Trust security
product is provided, and the security technology requirement would be used in the
actual product testing, to further promote the development of network border security.

21.1 Introduction

Zero Trust is a strategic initiative that helps prevent successful data breaches by
eliminating the concept of trust from an organization’s network architecture. Rooted
in the principle of “never trust, always verify,” Zero Trust is designed to protect
modern digital environments by leveraging network segmentation, preventing lateral
movement, providing Layer 7 threat prevention, and simplifying granular user-access
control [1–3].

Zero Trust was created by JohnKindervag, based on the realization that traditional
security models operate on the outdated assumption that everything inside an orga-
nization’s network should be trusted. Under this broken trust model, it is assumed
that a user’s identity is not compromised and that all users act responsibly and can
be trusted. The Zero Trust model recognizes that trust is a vulnerability. Once on the
network, users—including threat actors and malicious insiders—are free to move
laterally and access or exfiltrate whatever data they are not limited to. Remember,
the point of infiltration of an attack is often not the target location [4].

Zero Trust security product is based on the continuous dynamic security access
control technology to reduce the security risk of access process.

This paper provided the research on security technology requirement of Zero Trust
security product.
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21.2 Zero Trust Security Product

Zero Trust security product is based on the Zero Trust security architecture, which
reduces the boundary of network defense to a single or smaller resource group. Its
central idea is that enterprises should not automatically trust any person/matter/thing
inside or outside, and should not grant full trust authority to the system according
to the physical or network location, before authorization, any person/thing trying to
access the enterprise system shall be verified, and access to data resources shall be
granted only when resources need to be granted. The security policy of Zero Trust
security product is not to trust any user. No one can access the network unless Zero
Trust security product clearly knows the identity of the access subject. The existing
traditional access control product only need to know the IP address or user/host
information, but in the Zero Trust security product, more explicit information is
needed, and requests without knowing the user identity or the authorization path are
rejected.

The access rights of users will no longer be affected by the geographical loca-
tion, but different users will have different resources to access due to their different
permission levels, and the VPN used to log in from the external network to the
internal network will also be abandoned. Zero Trust security product subvert the
access control paradigm and guide the security architecture from “network centric”
to “identity centric”. Its essential demand is identity centered access control. This is
similar to the concept of unbounded network. In the borderless network concept, not
all end users are behind the office and firewall, but work remotely, using their iPad
or other mobile devices.

Networks need to knowmore about their roles and identifywhichusers are allowed
to connect to the network to work. Zero Trust security product is a response to
the development trend of enterprise network. Enterprise network begins to include
remote users and cloud-based assets located at the boundary of enterprise network.
Zero Trust security product focuses on protecting resources, not network segments,
because network location is no longer considered a major component of resource
security.

21.3 Research on Security Technology Requirement
of Zero Trust Security Product

In order to test and evaluate Zero Trust security product completely and accurately,
we need to study the security functions that Zero Trust security product should have,
including the security functions provided for the network security and the security
functions for own security. On this basis, the security technology requirement of Zero
Trust security product is formed. According to this security technology requirement,
we can test and evaluate Zero Trust security product.
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21.3.1 Security Functions for the Network Security

There are six basic principles to be followed in the design and implementation of
Zero Trust security product’s security functions for network security: (1) All data
sources and computing services are considered as resources. (2) All communications
are secure, and the security is independent of network location. (3) Authorization for
access to a single enterprise resource is authorized for each connection. (4) Access
to resources is determined by policy, including the status of the user’s identity and
the required system, and possibly other behavior attributes. (5) The enterprise should
make sure that all the affiliated and related systems are in the securest state as possible,
and monitor the system to ensure that the system in the securest state. (6) User
authentication is dynamic and strictly enforced before access is allowed.

Based on the six basic principles, the security functions of Zero Trust security
product for the network security is researched.

21.3.1.1 Comprehensive Identification

To some extent, the traditional border-based network security architecture assumes
or acquiesces that the intranet is secure, and considers that security is the digital wall
of the enterprise. Through the border security products such as firewall, web applica-
tion firewall (WAF), intrusion prevention system (IPS), etc., the enterprise network
exports are heavily protected, while the enterprise intranet security is ignored.

Under the background of “the enterprise boundary is disintegrating, and the border
based security protection system is failing”, Zero Trust security product overthrows
the architecture of the traditional border security and gives new suggestions to the
security architecture. The core idea is by default, no one/device/system inside and
outside the network should be trusted, and it needs to be based on the authentica-
tion and authorization reconstruct the trust foundation of access control. Zero Trust
security product subverts the paradigm of access control and leads the security archi-
tecture from network centered to identity centered. Its essential demand is identity
centered access control.

From the perspective of security technology requirement, Zero Trust security
product should realize comprehensive, dynamic, and intelligent access control to
people/devices/systems with the help of modern identity management platform.

Based on the above security requirement, Zero Trust security product needs its
identity governance modular to achieve a comprehensive identity of devices, users,
applications and other entities, using two key technologies, device authentication and
user authentication, in order to build an identity-based trust system, and establish a
brand-new identity boundary for enterprises from Zero.
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21.3.1.2 Dynamic Access Control

Based on the comprehensive identification, the other security function of Zero Trust
security product is dynamic access control, or conditional access control. In the
beginning, all users should be granted the minimum access rights, whether the user
is the account used by the leaders or the account used by ordinary employees. The
Zero Trust product extends the boundary of the enterprise network to each user’s
terminal, not just the boundary firewall of the enterprise intranet network. All users
should be accessed through the distributed application proxy gateway of Zero Trust
product, and all applications should be hidden in the enterprise intranet network to
effectively protect the assets of the enterprise.

On this basis, the Zero Trust security product controls the access of users who
request access to the intranet resources based on conditions for risk assessment,
including but not limited to the address, the security attributes of the user terminal,
the role of the user, the time when the user requests, etc. Based on the satisfied
and unsatisfied conditions of the user, the Zero Trust security product dynamically
determines the type and quantity of system resources that the user can access. The
whole Zero Trust security system is realized fully.

21.3.2 Security Functions for Own Security

In addition to providing comprehensive identification, dynamic access control and
other security functions to ensure the security of new network architecture, the self-
security of Zero Trust security product also needs to be developed and implemented.

In order to ensure that all security policies of Zero Trust security product are not
accessed and changed unauthorizedly, the Zero Trust security product needs to have
basic security functions such as identity authentication, access control, and security
auditing.

Before any security policy of Zero Trust security product is configured, strict
identity authentication is required to confirm that only authorized user can access the
Zero Trust security product. After identity authentication, the access control function
is needed to confirm the authorized user’s limit of authority, that is, which security
function the user can access and which security function he can’t access. At the same
time, all authorized operations are required to audit records for traceability. Only
with these basic security functions, the Zero Trust security product can effectively
and continuously provide comprehensive identification, dynamic access, and other
security functions.

Figure 21.1 shows security technology requirement for Zero Trust security
product. The researched security technology requirement for Zero Trust security
product contributes to develop and implement Zero Trust security product as a whole
product.



21 Research on Security Technology Requirement … 165

Fig. 21.1 Security
technology requirement for
Zero Trust security product
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21.4 Conclusion

The security assessment of Zero Trust security product belongs to a new field, and
only a few testing institutions in China have carried out relevant testing and evalu-
ation work. In this paper, the research on security technology requirement of Zero
Trust security product is provided. The security functions that Zero Trust security
product should have, including the security functions provided for the network secu-
rity and the security functions for own security, is studied firstly. On this basis, the
security technology requirement of Zero Trust security product is formed. Based on
the provided security technology requirement, we can test and evaluate Zero Trust
security product completely and accurately.
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Chapter 22
Research and Application of Automatic
Recognition and Extraction of Water
Body in Remote Sensing Images Based
on Deep Learning

Bo Wu, Yi Gao, Xiaolei Xie, and Ye Yang

Abstract In this paper, we proposed a deep learning-based method for automatic
recognition and extraction of water body in remote sensing images. Taking an area
Hunan in China as an example, a water body sample database is first established, and
then, the currently popular OCNet algorithm is applied to conduct experiments on
the water body elements in the images. Recall ratio, precision ratio, and Mean Inter-
section over Union (MIoU) are used as accuracy measurement indicators to carry
out identification and extraction of water body elements. The experimental results
show that the proposed algorithm achieves satisfactory recognition results on both the
training and the test sets, and the recall ratio, precision ratio, and MIoU are all more
than 95%. Therefore, the proposed method can be applied for the automatic identifi-
cation and extraction of large-scale, high-resolution water bodies in remote sensing
images in real time and also provides a feasible way for the automatic identification
and extraction of other ground feature elements in remote sensing images.

22.1 Introduction

Water body, as one of the most important type of basic geographic information, is
the most common type of ground feature in remote sensing images. According to
the shape of the water body, it can be divided into two categories: banded water
bodies, such as rivers, canals, and ditches; and regular or irregular polygonal water
bodies, such as reservoirs, lakes, and cisterns. Quickly and accurately extracting
water information is of great significance to the study on ecological issues such as
surface water changes, protection of aquatic plants and animals, river regulation, and
pollution control.
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The traditional remote sensing water body extraction method involves drawing
the outline along the water body boundary manually, which has the advantage of
high accuracy, but also the disadvantages of manpower and time consumption. With
the development of remote sensing technology, researchers have found that the water
bodies can absorb most of the incident energy in the visible and the near-infrared
bands, and have a characteristic of weaker reflectivity on the images. Based on this
characteristic [1], Mcfeeters [2] proposed the classic Normalized Difference Water
Index (NDWI) that could clearly distinguish the water bodies from other types of
ground features. However, the water body extracted according to this index still
contains more background. Xu [3] found that water body’s spectrum in the mid-
infrared band ismore prominent. Therefore, based onNDWI,XuHanqiu replaced the
near-infrared band with the mid-infrared band and proposed a Modified Normalized
Difference Water Index (MNDWI), which improved the accuracy of water body
extraction.

In addition, based on the spectrum similarity, some scholars proposed water
extraction methods based on supervised and unsupervised classifications, such as
maximum likelihood classification [4], minimum distance, K-MEANS [5], and iter-
ative self-organized data analysis (ISODATA) [6]. Supervised classification methods
rely on artificially distinguishing the spectral characteristics of water pixels from that
of non-water. Unsupervised classification methods do not require human experience,
but they are inferior to supervised classification methods in classification accuracy.
The existing unsupervised classification methods set the classification rules through
the program or the software itself, and thus exclude the human experience from the
algorithm, with a further step on the road to intelligence. However, in the face of
remote sensing data showing “exponential growth”, all the above-mentionedmethods
have certain limitations.

In recent years, with the rapid development of big data and computer hardware,
deep learning technology based on big data and high-performance computing has
shown significant application value in the field of remote sensing. In this paper, a
water sample database for remote sensing images is established (total of 8225 sample
images of 512 × 512 pixels), and a deep learning convolutional neural network
suitable for remote sensing images is designed and constructed. The validity of the
model is verified by taking a certain area in southern China as an example. The
implementation process is shown in Fig. 22.1.

Fig. 22.1 Extraction and
application of remote
sensing images
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22.2 Construction of Remote Sensing Water Sample
Database

Typical types ofwater bodies in remote sensing images include polygon-shaped lakes
and reservoirs, long and small strip-shaped double-line and single-line rivers with
obvious trunks, more concentrated and regular block-shaped paddy fields. In order
to meet the generalization requirements of deep learning models, the samples must
be as diverse as possible to build a relatively complete water body sample database.
The specific implementation process is shown in Fig. 22.2.

The quality of the sample will directly affect the accuracy of the training model.
Therefore, the image files and their corresponding vector files must meet the
following conditions before being input to the model: (1) The remote sensing image
is full and clear, with 5% for permitted cloudy areas or no cloud; (2) the band informa-
tion and the spatial reference information are complete and correct; (3) the coordinate
systems of the vector and the image files must be consistent; and (4) the vector file
must be a polygon file. Generally, the image and the vector files need to be pre-
processed to meet the above conditions. The purpose is to ensure that when using the
remote sensing processing module gdal in Python to read the remote sensing images
and the vector files, they can be trimmed at the same geographical location in order
to generate labeled binary maps, which will be finally saved as samples.

Fig. 22.2 Process of
collecting remote sensing
image samples

Vector dataremote sensing 
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Image projection Feature to 
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Fig. 22.3 Principle of OCNet

22.3 Principle of OCNet

Convolutional neural network (CNN) is a network structure designed specifically
for image data in deep learning. In each layer of the CNN, the image features are
obtained through convolution operation, and then enter the pooling layer, which
reduces the amount of calculation, features, and parameters. However, data pooling
will lead to a certain degree of information loss, affecting the accuracy of the results.
In order to compensate for feature losses, some scholars have proposed the pyramid
scene parsing network (PSPNet) [7], which explores the ability of global context
information through the pyramid pooling module. The PSPNet divides the feature
map intomultiple regions, and all pixels in each region are considered as the context of
this region. The object context network (OCNet) [8] proposes object context pooling
(OCP), which collects information according to the object context. The schematic
diagram of OCNet is shown in Fig. 22.3.

The feature maps are obtained from the input images through the ResNET-FCN
network. In the OCP layer, the feature maps are transformed into new feature maps,
which are then used to predict the label of each pixel. Finally, the output results are
obtained by eight times of cyclic sampling. In OCNet, pixel-by-pixel prediction is
not performed; instead, similar pixels are aggregated, and then, context segmentation
is performed. By using the information of the pixel set belonging to the same object,
a pixel label contained in the object is obtained, where the pixel set is called the
object context.

22.4 Experiment and Analysis

22.4.1 Experimental Platform and Sample Data

The experiment uses Python and is implemented on an Ubuntu 16:04 operating
system. The experimental hardware environment includes an Intel Xeon (R) Gold
6134CPU@3.2GHz, a 128GBmemory chip, and aNVIDIAQuadro P6000 graphics
card.

The experimental sample data is high-score two remote sensing images of 75
different scenes in Hunan. A total of 8225 sample images of 512 × 512 pixels are
generated, of which 1666 are used as the test set for testing the trained model, and
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Fig. 22.4 An example of the training sample

the rest are used as the training set for training the model. An example of the training
sample is shown in Fig. 22.4.

22.4.2 Accuracy Analysis

In deep learning, the standard metrics such as recall ratio, precision ratio, and Mean
Intersection over Union (MIoU) [9] are often used as evaluation indicators. This
paper also uses these three indicators to quantitatively evaluate the accuracy of the
results.

The precision ratio refers to the number of positive predictions divided by the
total number of predictions. The recall ratio refers to the proportion of predictions
that are correctly predicted to be positive to the total number of real positive values.

The MIoU mainly describes the intersection average between the real and the
predicted values. This indicator reflects the degree of capture of the target and the
accuracy of the model. The formula for MIoU can be expressed as [10]:

MIoU = 1

k + 1

k∑

i=0

Pii∑k
j=0 Pi j +

∑k
j=0 Pji − Pii

where k is the number of extracted categories, Pii is the number of matching pixels,
Pi j is the number of i misclassified as j, and Pji is the number of j classified as i.

Figure 22.5 shows the results of OCNet algorithm. Figure 22.5a shows the change
of overall precision and recall ratios with the number of training epochs, on the test
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Fig. 22.5 Results of OCNet

and the training sets, respectively. Figure 22.5b shows the change of MIoU with the
number of training epochs, on the test and training sets, respectively. The algorithm
is trained 50 epochs, the batch size is 8, and the initial learning rate is 0.001.

The horizontal axis indicates the number of epochs, the vertical axis on the left
indicates the precision and the recall ratios, while the vertical axis on the right indi-
cates the MIoU. It can be seen from the figure that with the continuous increase of
epochs, the algorithm converges at epoch 40, with the precision to 94%, the recall
ratios to 86%, and the MIoU to 82%.

22.4.3 Water Extraction Results on the Test Set

The trained model is applied on the test data. Two images of the urban and the
mountainous areas in southern China are selected as the test images. The test results
are shown in Fig. 22.6. The identification of the polygon-shaped reservoir (a) in the
urban area, the strip-shaped double-line river (b) in the mountainous area, and the
casewhere there is part of land (c) is relatively accurate, and the result of the extracted
boundary is good.

22.5 Conclusion

In this paper, through the training of OCNet model, a water body recognition system
for remote sensing images is obtained. The experimental results show that the recog-
nition and extraction results are good, but there is still a certain gap between the
obtained and the ideal results. Further improvement can be done in the following
two aspects:
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Fig. 22.6 Water extraction
results on the test set

Firstly, diversity of the training sample should be increased. Currently, only water
samples from a certain area in southern China have been established, which limits the
application scope of the proposed model. Later, more samples in inland area should
be added for training to increase the application scope of the proposed model.

Secondly, transfer learning (TL) can be introduced. By transferring the already
trained weight parameters to new training tasks, TL avoids the random initialization
of weights, accelerates the model training speed, and improves the training accuracy.
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Chapter 23
Khmer Named Entity Recognition Based
on LSTM-CRF Model

Lei Teng, Xin Yan, Jun Xie, Feng Zhou, Guangyi Xu, and Yuanyuan Mo

Abstract Named Entity Recognition(NER), as a significant research content of
information extraction, is broadly used in Natural Language Processing fields such
as information retrieval, machine translation, question answering system, and so on.
Named Entity Recognition in Khmer plays a supportive part in the study of Chinese–
Khmer bilingual understanding. However, the differences between languages make
it hard to transfer the common Chinese and English Named Entity Recognition into
Khmer. Aimed at the problem that the output of long short-term memory neural
network model does not consider the sequence of tags, the output of long short-term
memory neural network model and Khmer entity feature is used to input features of
conditional random field model to extract Khmer corpus entity. The result of experi-
ment shows that the precision of the conditional random field model is increased by
1.32%, recall rate by 2.55% and the F1 value which is used to measure the precision
and recall rate by 1.92% after using long short-term memory neural network as the
inputted feature of conditional random field model, which unites the output of neural
network model with the entities in Khmer. The outcome of experiment proves the
effectiveness of this method.
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23.1 Introduction

As a significant research content of information extraction, Named Entity Recogni-
tion is broadly used in information retrieval, machine translation, question answering
system, and so forth. The study of Named Entity Recognition in Khmer plays an
essential part in Chinese–Khmer bilingual understanding. In task of Khmer Named
Entity Recognition, the lack of corpus resources and experts in Khmer linguistics
makes the language processing research technology for the language lag behind.
From the historical factors of Khmer language, we can see that Khmer language
also has a variety of word formation problems, which makes its entity composition
no single. Therefore, Named Entity Recognition in Khmer task is a more complex
research work.

In research of Named Entity Recognition task, the main research methods are
divided into rule-based, statistical model-based, and neural network-based methods.

Rule-based method: The main feature is to analyze corpus in a field, then ask
experts in the language field to learn the corpus of the language, then summarize
some characteristics of the language learned and some unique language rules of the
language, and use rule matching and other methods to realize the Named Entity
Recognition of the language at last. Example 1: Alfred et al. [1] presented a method
on the basis of rules for Named Entity Recognition of Malay language. In this essay,
they take part-of-speech tagging features method to select candidate entities from
the corpus, and then identify entities according to the entity tagging in the manually
tagged dictionary. Yan and Bi [2] also proposed a method on the basis of rule, which
is mainly used for Vietnamese Named Entity Recognition. Through analysis of some
characteristics ofVietnamese entities, they add artificial rules, and then use these rules
to named entity recognition of Vietnamese. This kind of method needs to be written
by linguists. This kind of work is not only time-consuming and labor-consuming,
but also prone to conflict between rules due to rule inconsistency. Therefore, this
method of Named Entity Recognition on the basis of rules is not the better method
in practical work.

Research method based on Statistics: The main characteristics of this method is
to integrate some features of artificial learning into models of statistical learning to
realize entity recognition. The most important advantage of this method compared
with themanual rule-making named entity recognitionmethod lies in the use of easier
model and less artificial annotation corpus for named entity recognition. Moreover,
this method of machine learning entity features can not only be applied to a single
language, but also to other languages that we have not been exposed to, we only need
to linguistic this language Xi, we could have the model of Named Entity Recognition
of languages, without any needs for experts to write rules for the language, saving
resources. In this kind of statistical methods, the models which used for Named
Entity Recognition contain Hidden Markov Model, maximum entropy, and condi-
tional random fields. For instance, Yu et al. [3] used two-layer hidden Markov model
to realize Chinese entity recognition. Zhang et al. [4] presented a multi feature cross
entropy Chinese Named Entity Recognition model. By quoting a variety of external
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constraint features, the semantic information of the model prototype was added to
obtain heuristic knowledge, and then this heuristic knowledgewas combinedwith the
maximum entropy model to obtain Chinese named entities. Pan et al. [5] presented
a Named Entity Recognition method for Khmer language that integrates entity char-
acteristics. This method firstly makes use of word segmentation model and part-of-
speech tagging model to extract morphological and speech characteristics of Khmer
language and then combines the unique language characteristics of Khmer language
manually tagged. Then, the entity recognition of Khmer language is realized through
conditional random field algorithm. This method has gotten good results in task of
named entity recognition in Khmer. Pan et al. [6] presented a method for Vietnamese
Named Entity Recognition on the basis of conditional random field. The method is
to extract terms and lines of speech as feature templates according to the language
characteristics of Vietnamese itself and then use conditional random field model to
realize Vietnamese named entity recognition. However, this kind of learning method
needs to understand the semantics to develop the characteristics of exercising model.
The quality of feature setting directly affects the quality ofNamedEntityRecognition
task results.

Method in the basis of neural network: The method solves the problem of using
artificial feature engineering to train model and increase human labor. The method
based on neural network can learn the semantic features of languages from the orig-
inal corpus and then extract the information from the semantic features through neural
network model to achieve Named Entity Recognition. The common neural network
models for Named Entity Recognition include recurrent neural network (RNN) [7],
long short-term memory (LSTM) [8, 9], and convolutional neural network (CNN)
[10, 11]. Many scholars have used these methods in Named Entity Recognition
research. Gregoire et al. [12] used cyclic neural network model to solve sequence
annotation, and this model is more useful than the original statistical model in
sequence annotation. Jin [13] proposed amethod of biomedicalNamedEntityRecog-
nition in the basis of recurrent neural network, which integrates sentence vector
and word vector containing sentence information into bi-directional long short-term
memory (Bi-LSTM) neural network. The result of experiment shows that the accu-
racy rate of the method is 1.40% higher than that of the traditional RNN model.
Maimaitiayifu [14] proposed a method of Uyghur Named Entity Recognition on
the basis of Bi-LSTM plus convolutional neural network and conditional random
field (Bi-LSTM-CNN-CRF) model, which uses whirly neural network to train char-
acter features in Uyghur words, not only word vector and word vector are used,
but also the part-of-speech features manually marked are input into neural network
in the form of vector. Furthermore, it has gotten good outcome in Uighur Named
Entity Recognition. Lample et al. [15] proposed a single-layer bi-directional cyclic
neural network plus conditional random field to deal with the task of Named Entity
Recognition and then achieved good results in datasets of multiple languages. Huang
et al. [16] used the Bi-LSTM and conditional random field (Bi-LSTM-CRF) model
to label sequences, connect the input context features and the spelling features of
words directly with the output of the Bi-LSTM neural network and obtained good
results through experiments.
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To sum up, we can see that the deep learning method can abandon the traditional
artificial feature engineering, thus saving a lot of human costs. After the practice of
the research methods in Named Entity Recognition, the traditional Bi-LSTM model
never consider order between the output tags when it obtains the complete context
information, resulting in the poor effect of entity recognition. It is necessary to add
conditional random field (CRF) model which can obtain the constraint rule from
exercising data to ensure the correctness of the prediction tags. This essay presents a
method of Named Entity Recognition on the basis of Bi-LSTM-CRF neural network
[17]. The Bi-LSTM neural network model output and the unique entity features of
Khmer are taken as the input features in CRF model; then, entity recognition of
Khmer is realized by using CRF model in order to strengthen the influence of entity
recognition of Khmer.

23.2 Khmer Named Entity Recognition on the Basis
of Bi-LSTM-CRF

23.2.1 Khmer Entity Features

Khmer originated in the Cambodia countries of Southeast Asia. Due to historical
reasons, Khmer has been influenced by many languages [18] in the process of devel-
opment, resulting in the unique language characteristics of Khmer, which have the
following impacts on the work of named entity recognition: First of all, Khmer
vocabulary is different from English with clear boundary features, such as spaces,
which leads to a high error rate in the work of word segmentation in Khmer, thus
affecting the named entity recognition rate. Secondly,Khmer lacks the part-of-speech
transformation features that play a great part in the recognition of naming entities,
such as the feature that naming entities in English start with capital letters, which
brings higher demands on mining deeper semantic information of Khmer. For the
above reasons, it is very difficult for Khmer language to identify the named entity.
However, linguists have found that the named entity of Khmer language still has
some unique characteristics as follows.

Different from the position of Chinese entity deixis, the position of Khmer entity
deixis in entity is mostly in the position of prefix. For example, the location of
“ (province)” in the entity “Yunnan Province” is in front of the provincial name
“Yunnan”, that is to say, its composition is “ (province) (Yunnan)”;

The writing method of place names is similar to that in English. The place names
and place names appear in the order of small to large, and the place names can
appear next to each other. For example, the Khmer corresponding to “Pu’er, Yunnan
Province” is “ (city) Pu’er (province) (Yunnan)”;

Different from the writing order of organization names in Chinese, organi-
zation names in Khmer are generally in the middle structure, and the attribute
is in the post position, and the category of organization is in the position
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of prefix. For example, the Khmer language corresponding to the organiza-
tion name “Kunming University of technology” is “ (University)

(technology) (Kunming)”;
In the Khmer name representation, the appellation words should be placed

in front of the name, for example, “Auntie”, “Li”. The title indicating the posi-
tion should be placed before the name and the space should be added before
the position and the name. For example, “ ” means “Professor
Li”. People’s names cannot appear next to each other. They have to be divided
due to spaces, punctuations, and no notional words, such as: in the sentence
of “ (Hun
Sen and Sihamoni are important leaders in Cambodia)”, the names of
“ ” and “ (Sihamoni)” are separated by spaces;

Theplace namesusually need to be separatedby commasbefore and after, but if the
place names are embedded in the organization structure names, they can appear next
to each other. For example, the organization name “Kunming charity” corresponds
to Khmer language “ ”.

23.2.2 Bi-LSTM-CRF Model

The model in this paper for Named Entity Recognition is Bi-LSTM-CRF model (see
Fig. 23.1). It adds a layer of conditional random field model after the original hidden
layer of Bi-LSTM so that model can not only obtain context information of a single
word, but still take full advantages of the annotation information before or after the
sentence. Because complex entity structure of Khmer language is to enhance the
influence from entity recognition of Khmer language, this essay uses the output of
Bi-LSTMneural network and entity features of Khmer language as the input features
of CRF model, which is similar to the use of maximum entropy features. Finally, the
named entity recognition of Khmer language is realized by learning CRF.

Fig. 23.1 Bi-LSTM-CRF
mode
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The process of Named Entity Recognition in the basis of Bi-LSTM-CRF network
model is as follows:

23.2.3 Bi-LSTM Layer

In this essay, input layer of Bi-LSTM layer in Bi-LSTM-CRF networkmodel is word
vector, which can be expressed as e = (e1, e2, . . . , en). The hidden state of sequence
in hidden layer of Bi-LSTM layer can be expressed as H = {h1, h2, . . . , hn}.
According to the Bi-LSTM network structure chart, the hidden state sequence here

is the forward hidden state sequence
(−→
h1 ,

−→
h2 , . . . ,

−→
hn

)
and backward hidden state

sequence obtained by reverse encoding
(←−
hn ,

←−−
hn−1, . . . ,

←−
h1

)
. In the forward repre-

sentation sequence
(−→
h1 ,

−→
h2 , . . . ,

−→
hn

)
,
−→
ht represents the forward notation of the t

time of vector. The calculation is as follows:

−→
ht = LSTM

[
(en, en−1, . . . , et )

]
(23.1)

where LSTM(·) represents the calculation of the LSTM model, namely e =
(en, en−1, .., e1), obtaining the backward notation sequence by backward coding(←−
hn ,

←−−
hn−1, . . . ,

←−
h1

)
,
←−
ht represents the forward of the t time of vector. The calculation

is as follows:

←−
ht = LST M

[
(en, en−1, . . . , et )

]
(23.2)

The backward representation sequence receives the reverse sequence of the input
vector as the input, where LSTM(·) represents the calculation of the LSTM model.

After the above sequence input, the hidden state representation sequence ht of the
hidden layer of Bi-LSTM network structure is composed of forward representation

and backward representation: ht =
[−→
ht ;←−

ht
]
, at this time, the hidden state sequence

of the hidden layer can be obtained as {h1, h2, . . . , hn} ∈ R
n×m , where [; ] is the

connection.

23.2.4 CRF Layer

In Bi-LSTM-CRF network model mentioned in this essay, the CRF is mainly to
assign markers to each word; then calculate the score of the whole marker sequence
of the input sequence; obviously the score of the marker sequence is composed of
two parts—one is the score of the word marker, the other is the score of the transfer
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between the marker sequences; finally, select the final marker sequence with high
score as the final part of this paper tag results.

Firstly, from the description of the above Bi-LSTM layer, we can see that the
hidden state sequence output by the hidden layer of the Bi-LSTM network model
can be shown as

√
(h1, h2, . . . , hn). Then a linear layer needs to be connected to the

hidden layer. The main function of linear layer maps the hidden state representation
sequence fromm dimension to k dimension, where k represents the number of labels
in the annotation set used in this paper. In this paper, the annotationmethod of BIOES
is used. The specific content is shown in Table 23.1.

Khmer corpus has been pre-processed by word segmentation, part-of-speech
tagging, and so on. Taking the basic feature of word form and part-of-speech as
one of the input features of conditional random field can enrich the semantic infor-
mation of input features and improve the effect of Khmer entity recognition. The
basic feature template designed in this paper is shown in Table 23.2.

The basic feature template simply describes the part-of-speech or morphology
of the core word and its up and down words, and its semantic information is very
limited.

Table 23.1 BIOES tagging set

Entity tag Start tag Middle End Single entity tag

Person name B-PER I-PER E-PER S-PER

Organization B-ORG I-ORG E-ORG S-ORG

Place B-LOC I-LOC E-LOC S-LOC

Non-entity mark O O O O

Table 23.2 Basic feature template

Index Template form Template meaning

1 Current word(0) Current word

2 Current word(−1) The first word on the left of the current word

3 Current word(−2) The second word on the left of the current word

4 Current word(1) First word on the right of current word

5 Current word(2) The second word on the right of the current word

6 Current POS(0) The part-of-speech of current words

7 Current POS(−1) The part-of-speech of the first word on the left of the current word

8 Current POS(−2) The part-of-speech of the second word on the left of the current
word

9 Current POS(1) The part-of-speech of the first word on the right of the current
word

10 Current POS(2) The part-of-speech of the second word on the right of the current
word
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According to the entity characteristics of Khmer entity mentioned above, the
entity indicators are collected manually and the word list of them is constructed,
as shown in Table 23.3. These entity indicators can provide rich entity information
for Khmer named entity recognition, so as to enhance the impact of Khmer Named
Entity Recognition.

Based on the rich entity features inKhmer provided above and the entity indicators
listed in Table 23.3, the feature templates of entity information are established.

Then, the n×k fraction matrix output by the Bi-LSTM network structure through
the linear layer is defined as P , where Pi, j in the matrix P represents the fraction
marked as the jth label in the ith word of a sentence.

After that, the output matrix P in Bi-LSTM neural network and Khmer entity
features is taken as the input in CRF model. And annotation information of input
sentence sequence is obtained through CRF model learning. In this case, for the
input sequence: (x1, x2, . . . , xn), the possibility of prediction tag: (y1, y2, . . . , yn).
Conditional probability is expressed as:

p(y|x) = 1

Z(x)
exp

(∑
k

λk fk(y, x)

)
(23.3)

Among them,

Z(x) =
∑
y

exp

(∑
k

λk fk(y, x)

)
(23.4)

Table 23.3 Khmer entity demonstrative words list

Entity classification Pointer word

Person name (dean), (professor), (doctor),

(female teacher), (male teacher),

(classmate),
(uncle) (aunt) (grandfather), (grandmother),

(president), (prime Minister)

Place name (province), (country), (city), (country),

(district), (village), (highway), (mountain),
(river), (lake), (sea)

Organization name (university), (high school),

(junior high school),

(primary school), (organization),
(company),
(hospital), (clinic), (organization)
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Table 23.4 Khmer entity information feature template

Index Template form Meaning of templates

11 CUR_PER_SUF Is current word a person name demonstrator

12 NEXT_PER_SUF Does current word contain a person name indicator

13 CUR_LOC_SUF Is current word a place name indicator

14 NEXT_LOC_SUF Does two words on the left of the current word contain the
place name indicator

15 CUR_ORG_SUF Is current word an organization name indicator

16 NEXT_ORG_SUF Does two words on the left of the current word contain the
organization name indicator

17 CUR_PER_NAME Is current word a common person name

18 CUR_LOC_NAME Is current word a common place name

19 CUR_ORG_NAME Is the current word a common organization name

Z(x) expressed as normalization factor. λk get through training data. fk(y, x)
represents the sum of transfer features and state features of each location.

Finally, the maximum likelihood estimation is used to calculate the parameter λ,
and the Viterbi algorithm is to generate the best output sequence.

23.3 Experiments

23.3.1 Datasets

Khmer corpus needed for the experiment includes 138,396 Khmer words after
segmentation and manual tagging. A Khmer corpus published by PAN localiza-
tion Khmer (PCL), which contains 73,127 Khmer words and has been segmented
and part-of-speech tagging, but the corpus does not have entity tagging. That is to
say, the entities in the corpus need to be labeled manually. The remaining 66,269
Khmer words are divided tools. Finally, the Khmer language experts are invited to
label all the corpus named entities to get corpus of Khmer named entity recognition.
The annotation set for manual annotationmentioned in this essay is as same as shown
in Table 23.4. 80% of the corpus is used as training set and rest of 20% as testing
set. Proportion of datasets is shown in Table 23.5.

23.3.2 Evaluation Metric and Parameter Setting

The evaluation metric used in this paper is accuracy P , recall R and F1 severally.
This is the specific formula:
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Table 23.5 Corpus of Khmer named entity recognition

Corpus
classification

Total no. of
words

No. of person
names

No. of place
names

No. of
organization
names

Total corpus 138,396 2672 3485 3027

Training set 110,717 2137 2788 2421

Test set 27,679 535 697 606

Table 23.6 Influence on
different dropout parameters

Model Accuracy (%) Recall (%) F1 value (%)

Bi-LSTM-0.3 73.05 73.13 73.08

Bi-LSTM-0.5 73.03 73.16 73.09

Bi-LSTM-0.6 73.01 73.19 74.10

P = Number of named entities correctly recognized

Total number of named entities identified
× 100% (23.5)

R = Number of named entities correctly recognized

Total number of named entities in Corpus
× 100% (23.6)

F1 = 2 × P × R

P + R
(23.7)

The super parameter setting in the neural network model has a great impact on
the implementation in named entity recognition task. Then, the text sets the super
parameters as follows:

In this paper, word embedding is used to train fixed dimension word vectors.
This method can capture semantic and syntactic information between word and can
maintain semantic relationship between words. The dimension of word vector is set
to 100. The word vector is trained by the word2vec tool published by Google. The
selected optimization algorithm is the most widely used stochastic gradient descent
(SGD) [19] on Bi-LSTM neural network, with the learning rate set to 0.01, and
dropout parameter set to 0.3, 0.5, and 0.6 for comparison. The specific experimental
data is shown in Table 23.6. In this paper, the dropout parameter is set to 0.6.

23.3.3 Experimental Analysis

To check the rationality of proposed model and the necessity of each module in
model effectively, this paper conducts four groups of comparative experiments on
the Khmer named entity recognition task, and these four experiments are performed
in the corpus composed of above. The evaluationmethod is still the above-mentioned
accuracy, recall rate, and F1 value.
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Experiment 1: The main objective of this experiment is to use named entity recog-
nition result of CRFmodel as a standard, then to verify the performance difference of
recurrent neural network model contrasted with the traditional statistical model. In
experiment, CRF ++ is used as the tool to realize CRF model, and the basic features
composed of morphology and part-of-speech are used as input features. The model
accuracy is 70.85%, recall rate is 71.98%, and value of F1 is 71.41%.

Experiment 2: This experiment is to prove the influence of CRF model on the
recognition of Bi-LSTM neural network model. Main function of CRF is to optimize
output result label of neural network according to the relationship between adjacent
labels. The specific operation of the experiment is to add a CRF layer after Bi-LSTM
neural network model to output optimal tag sequence. The specific experiment data
is shown in Table 23.7.

From Table 23.7, the recognition effect of neural network model is significantly
improved after adding CRF. For the Bi-LSTM neural network model, after adding
CRFmodel, its F1 value is increased by 1.28%. Compared with the basic experiment
1, its F1 value increased by 6.48%. Therefore, it can be concluded that adding the
linear CRF module is helpful for improving the recognition rate of the model.

Experiment 3: The objective of experiment is to verify the effect of Khmer entity
features on Khmer entity recognition of Bi-LSTM-CRF neural network model. The
specificmethod is to take output ofBi-LSTMneural networkmodel andKhmer entity
features as the input features of CRF model for Khmer named entity recognition.
The outcome of this experiment is shown in Table 23.8.

From the above table, the CRF model with entity features significantly improves
the recognition influence of the neural networkmodel. For the Bi-LSTM-CRF neural
network model used in this essay, after using Bi-LSTM neural network, the output
of the neural network model and the entity features in Khmer language are taken
as the input features of the CRF model; accuracy rate, recall rate, and F1 value are
increased by 1.32%, 2.55%, and 1%, respectively, 1.92%. Compared with the basic
experiment 1, accuracy, recall, and F1values of this method are increased by 7.83%,
8.99%, and 8.4%, respectively. Therefore, it can be concluded that adding Khmer
entity features to CRF model can enhance the recognition rate of the model.

Table 23.7 Effect of adding
CRF model on model
performance

Model Accuracy (%) Recall (%) F1 value (%)

Bi-LSTM 75.67 77.58 76.61

Bi-LSTM-CRF 77.36 78.42 77.89

Table 23.8 Effect of adding
Khmer entity features to CRF
model on model performance

Model Accuracy (%) Recall (%) F1 value (%)

Bi-LSTM-CRF 76.89 78.03 77.46

Bi-LSTM + CRF 78.68 80.97 79.81
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23.4 Conclusion

In the chapter, the Bi-LSTM-CRF model is proposed for Named Entity Recognition
of Khmer. Among them, on the basis of Bi-LSTM-CRF model, the output of Bi-
LSTM neural network and entity features of Khmer are taken as the inputted features
of CRF model, which enriches the input of CRF model and improves effectiveness
of model in the recognition of Khmer named entities. However, the training time is
too long due to the effect of internal parameters of the model. How to optimize the
model and shorten the training time is the next problem to be studied. The research
results of this paper are not only applied to the study of Named Entity Recognition
in Khmer, but also have an important reference for other languages.
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Chapter 24
Identification of Transfer Function
of Position Servo System

Deng Ming Zhang, Da Wei Gu, Fu Men Cai, Shu Heng Chen,
and Lun Kuan Ye

Abstract In the three closed-loop servo system, the position loop is the key consid-
eration object, and the transfer function directly reflects the relationship between the
position instruction signal and the feedback signal. Because the servo systemcontains
controller, motor, mechanism, control algorithm, and so on, the whole system ismore
complex, and all kinds of coefficient constant cannot be obtained accurately, so it is
difficult to obtained transfer function accurately bymodeling and simulationmethod.
In order to improve the identification accuracy of the system transfer function, the
amplitude-frequency andphase-frequencydata are obtainedby experimentalmethod,
and the algorithm program is written by MATLAB. The algorithm can identify the
system transfer function quickly and accurately, and can achieve the identification
accuracy that the absolute error of amplitude-frequency characteristic and phase-
frequency characteristic is very small. It has great practical value for the research of
servo control system.

24.1 Introduction

Servo system is also called follow-up system. However, the control strategy used in
most follow-up systems, designed in practical application is based on the mathemat-
ical model of the controlled object, so it is usually required to measure the transfer
function of the servo system. Therefore, in the research of servo control system,
in order to better control the controlled object and understand the performance of
the system, it is usually necessary to measure the transfer function [1] of the servo
control system.Because the process of establishing the transfer function of the system
according to the method of theoretical analysis is more complicated, the determina-
tion of each parameter of the motor also needs some estimates and assumptions, and
the influence of friction torque cannot be ignored, and the calculation is inaccurate.
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Finally, the accuracy of transfer function is not good. Therefore, the test method is
often used to measure the transfer function of servo control system.

The dynamic characteristics of the system are mainly analyzed in time domain
and frequency domain. Therefore, there are two methods to measure the transfer
function, one is to use the unit step response measurement method in time domain,
the other is to use the sweep feedback signal tracking method. The unit step response
measurement method is to add a known transient disturbance to the identification
system, test the step response curve of the system, and analyze the step response
curve to obtain the transfer function of the system. The tracking method of sweep
feedback signal is to analyze the data of feedback signal by inputting sinusoidal
signal of the same amplitude and different frequency to the system, in which each
frequency point inputs not less than 3 cycles of sinusoidal signal. Data analysis of
feedback signals, the amplitude-frequency characteristic curve, and phase-frequency
characteristic curve are obtained, and the transfer function of the system is obtained.

In view of the identification transfer function of amplitude-frequency character-
istic curve and phase-frequency characteristic curve, many scholars have put forward
various identification methods. Among them, the least square method is used to fit
the amplitude-frequency and phase-frequency curves to determine the undetermined
parameters [2]. The method is only effective for simple and smooth curves, and the
fitting accuracy for complex and tortuous curves is low or even invalid. The method
of derivation and construction of Simulink control system model is used to obtain
the of transfer function [3]. The method is complex, theoretical, and difficult to be
used in engineering practice. For this reason, the MATLAB algorithm program is
written. The algorithm can quickly and accurately identify the transfer function of
the system, and it is simple and reliable. The optimal solution of the transfer function
can be obtained by repeated iteration.

24.2 Test Principles

The transfer function is based on the Laplace transform, the relationship between
input and output of a linear constant system described by its own parameters, which
expresses the inherent characteristics of the system. The transfer function of servo
system takes servo controller and servo mechanism as a whole and obtains the rela-
tionship between position instruction input and load position feedback output. The
working principle of servo system is shown inFig. 24.1. Themain principle of transfer
function is obtained by measuring the frequency characteristics of the system. A set
of 5 sine wave position signals with the same amplitude are transmitted at different
frequencies using the IPC, and the controller solves the position signal and controls
the servo mechanism to drive the load motion and records the load position feedback
curve at each frequency; according to the relationship between position instruction
and position feedback curve, the amplitude-frequency and phase-frequency data of
the system are calculated, and the Bode diagram is drawn, identification of transfer
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Fig. 24.1 Schematic diagram of servo system

Fig. 24.2 Composition of servo system

function for frequency domain data, and the transfer function of the system can be
identified by iterative program.

The test hardware which includes power, computer, industrial control computer,
controller, servo mechanism, load table, and servo system composition is shown
in Fig. 24.2. The position instruction is sent to the controller by 1553B bus. The
controller calculates and outputs six PWM waves according to the algorithm in the
virtual wire frame of Fig. 24.1. The PWMwave drives the servo mechanism to move
back and forth under the action of the power amplifier circuit, a load nozzle swings
according to the instruction under the action of the servo mechanism; during the
working process of the system, the servo controller continuously collects signals
such as voltage, current, position feedback, speed feedback, and so on, and these
signal data flow through 1553B bus input to the computer.

24.3 Design of Transfer Function Identification Algorithm

According to the position instruction, position feedback, amplitude frequency, and
phase-frequency data, with the frequency characteristic data of the controlled object,
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the transfer function can be obtained by using the frequency domainmethod. Consid-
ering that there are complex resonant links in the actual system, because of the high
parameter order, in order to reduce the computational complexity, the higher order
system is decomposed into multiple subsystems with smaller dimensions and fewer
parameters. According to themeasured frequency characteristic data, each frequency
link is identified in turn, so that the complete transfer function can be obtained.

The principle of transfer function identification is as follows [4–9]:

G(s) = Uo

Ui
= b0 + b1s + b2s2 + · · · + bmsm

1 + a1s + a2s2 + · · · ansn n > m (24.1)

G( jw) =
(
b0 − b2w2 + b4w4 − · · ·) + j

(
b1w − b3w3 + b5w5 − · · ·)

(
1 − a2w2 + a4w4 − · · ·) + j

(
a1w − a3w3 + a5w5 − · · ·)

� Re(w) + jIm(w) (24.2)

Formula, Uo as feedback output, Ui as Input instruction, bm as molecular coeffi-
cient, an as denominator coefficient, s as a factor, m and n as order, w as frequency,
Re(w) as reality, Im(w) as imaginary.

Formula (24.2) both sides multiplied
(
1 − a2w2 + a4w4 − · · ·) +

j
(
a1w − a3w3 + a5w5 − · · ·) achieved
(
b0 − b2w

2 + b4w
4 − · · ·) + j

(
b1w − b3w

3 + b5w
5 − · · ·)

= [Re(w) + jIm(w)]
[(
1 − a2w

2 + a4w
4 − · · ·) + j

(
a1w − a3w

3 + a5w
5 − · · ·)]

= Re(w) + jIm(w) + Re(w)
(−a2w

2 + a4w
4 − · · ·)

− Im(w)
(
a1w − a3w

3 + a5w
5 − · · ·)

+ j
[
Re(w)

(
a1w − a3w

3 + a5w
5 − · · ·) + Im(w)

(−a2w
2 + a4w

4 − · · ·)]
(24.3)

The real and imaginary parts of the equation are:

Re(w) = [
1 0 −w2 0 w4 . . . Im(w)w Re(w)w2 −Im(w)w3 −Re(w)w4 . . .

]

[
b0 . . . bm a1 . . . an

]T
(24.4)

Im(w) = [
0 w 0 −w3 0 . . . −Re(w)w Im(w)w2 Re(w)w3 −Im(w)w4 . . .

]

[
b0 . . . bm a1 . . . an

]T
(24.5)

Assumption G(s) measured amplitude-frequency characteristics are G(ω), and
phase-frequency characteristics areϕ(ω). Then the corresponding real and imaginary
frequency characteristics can be calculated from the following formula:
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Re(wi ) = 10[G(wi )/20] cos[ϕ(wi )] i = 0, 1, 2 (24.6)

Im(wi ) = 10[G(wi )/20] sin[ϕ(wi )] i = 0, 1, 2 (24.7)

Set the number of measured frequencies is L, use R
∧

e(w) replacement Re(w) in
the formula (24.4), use I

∧

m(w) replacement Im(w) in the formula (24.5). Considering
the test error and calculation error, the matrix Eq. (24.8) is obtained by arranging
(24.4) and (24.5):

⎡
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(24.8)

Simplify the above formula to:

Y = HX + ε

The Y is the observation vector, the H is the coefficient matrix, the X is the
unknownparameter vector, and the ε is themeasurement error vector.Assume E(ε) =
0, According to the matrix transformation, the X are as follows:

X̂ =
[
b̂0 . . . b̂m â1 . . . ân

]T = (
HT H

)−1
HTY (24.9)

The coefficient of the molecular denominator of the transfer function is calculated
according to formula (24.9), and the transfer function G(s) is obtained.

24.4 Example Analysis of Transfer Function Identification

Asinusoidal position signal of 0.5° anddifferent frequencies is sent to the servomech-
anism by the controller, so that the servo mechanism works at different frequencies
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[10, 11]. Locator software automatically saves position instruction and position feed-
back data, by formula (24.1) calculate G(s), and according to formula (24.10) and
formula (24.11), the amplitude-frequency data and phase-frequency data of servo
mechanism at different frequencies are calculated.

L(w) = 20 lg|G( jw)| (24.10)

∅(w) = ∠G( jw) (24.11)

Matlab write transfer function identification program, program iteration steps are
as follows:

Suppose the transfer function molecule and denominator are m order and n order
functions, the m and n parameters are brought into the program for calculation
and get the transfer function G(s);
Draw the Bode graph using G(s), use test data to map Bode graph;
By comparing the identified transfer functionBode diagramwith the experimental
data Bode diagram, the identification error is calculated;
Compare the identification error with the set error threshold. If the error meets
the requirements, G(s) is the system transfer function;

If the error between the identification curve and the test curve is large and does not
meet the requirements, execute step (1)–step (4), and finally get the transfer function
G(s).

The flowchart of the program algorithm is shown in Fig. 24.3.
The servo mechanism driven by the controller is tested in the frequency range

of 1–50 Hz. The amplitude and phase attenuation of different frequencies are
measured, and the amplitude-frequency and phase-frequency data are obtained.
UsingMATLAB program to iteratively, finally get the servo system transfer function
molecular order m = 12, denominator order nm = 15, the system transfer function
as follows:

−2.9508e07
(
s2 + 2.746s + 790.1

)(
s2 + 13.97s + 3733

)

(
s2 − 4.322s + 8997

)(
s2 + 152.3s + 2.829e04

)

(
s2 − 12.1s + 2.371e04

)(
s2 − 83.09s + 6.605e04

)

(s − 2307)(s + 324.5)(s + 31.12)
(
s2 + 2.973s + 793

)(
s2 + 14.39s + 3761

)

(
s2 − 4.675s + 9019

)(
s2 − 12.35s + 2.379e04

)(
s2 + 162.5s + 3.626e04

)

(
s2 − 88.46s + 6.446e04

)

.

The amplitude-frequency and phase-frequency data at different frequencies are
obtained from the transfer function. The comparison between the frequency domain
characteristic test data and the transfer function identification data is shown in Table
24.1, and the test curve and the identification curve are shown in Fig. 24.4. Figure 24.4
shows that in the range of 90–200 rad/s angular frequency, there are many frequency
turning points, which leads to the difficulty of identification of transfer function and
the high order. After repeated iterations, the program identifies the transfer function
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Fig. 24.3 Flowchart of control algorithm

well. Table 24.1 shows that the amplitude error and phase error are very small (other
model identification errors about 30%). Figure 24.4 shows that the identification
accuracy of transfer function is high, and the program is reliable (Fig. 24.5).
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Table 24.1 Comparison of test and identification frequency domain data

Frequency
(Hz)

Angle
frequency
(rad/s)

Test
amplitude
(dB)

Identification
amplitude
(dB)

Amplitude
error (dB)

Test
phase
(°)

Identification
phase (°)

Phase
error (°)

1 6.28 −0.2 −0.222 0.022 −12 −12.1 0.100

1.6 10 −0.5 −0.489 −0.011 −19 −19 0.000

2 12.6 −0.8 −0.723 −0.077 −24 −23.4 −0.600

3 18.8 −1.5 −1.47 −0.030 −34 −33.5 −0.500

4 25.1 −2.4 −2.5 0.100 −42 −42.6 0.600

5 31.4 −3.1 −3.17 0.070 −46 −46.1 0.100

6 37.7 −4.3 −4.06 −0.240 −54 −53.1 −0.900

7 44 −5 −4.98 −0.020 −58 −58.1 0.100

8 50.2 −6 −5.9 −0.100 −62 −62.1 0.100

9 56.5 −6.6 −6.81 0.210 −65 −64.7 −0.300

10 62.8 −7.5 −7.45 −0.050 −67 −66 −1.000

11 69.1 −8 −7.99 −0.010 −69 −68.9 −0.100

12 75.4 −8.6 −8.66 0.060 −71 −71.4 0.400

13 81.6 −9.4 −9.34 −0.060 −73 −73.3 0.300

14 87.9 −10 −10.1 0.100 −75 −74.5 −0.500

15 94.2 −11.2 −11.2 0.000 −78 −78.2 0.200

20 126 −12.8 −12.8 0.000 −81 −81 0.000

24 151 −14.2 −14.2 0.000 −84 −84 0.000

30 188 −15 −15 0.000 −88 −88 0.000

35 220 −16.3 −16.3 0.000 −94 −94 0.000

40 251 −18.2 −18.2 0.000 −101 −101 0.000

45 283 −19.8 −19.8 0.000 −110 −110 0.000

50 314 −21 −21 0.000 −116 −116 0.000

24.5 Conclusion

For the electric servo system, theminimumerrormethod is iteratively used to identify
the transfer function. To solve the problem that the identification error is large and the
function is not suitable in the high-frequency segment, the m program is written by
the MATLAB, and the high order iteration is carried out by the computer to improve
the identification accuracy, and the error inflection point of the amplitude phase is
automatically corrected in the high frequency band. The method is used to identify
the transfer function of the existing test data, to predict the amplitude and phase
attenuation at unknown frequency by the identified transfer function, and to test the
unknown frequency. By comparing the prediction data of the transfer function with
the experimental data many times, the correctness of the transfer function is fully
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Fig. 24.4 Comparison of test and identification curves

Fig. 24.5 Identification error curve
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verified, and the method can accurately and effectively identify the transfer function
of the servo system.
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Chapter 25
Research on the Sound Insulation
Measurement of Building Elements
Based on Intelligent Laboratory
Measurement System

Zhikai Zhang, Jian Wu, and Delin Wu

Abstract According to the traditional sound insulation measurement method of
building elements, a sound insulation intelligent laboratory measurement system
based on the Internet of Things was developed, by using of wireless measurement
scheme, reducing the use of measurement equipment and developing intelligent
mobile terminal measurement control software to meet the requirements of auto-
matic and accurate measurement of sound insulation of building elements. It made
the sound insulationmeasurementmore intelligent and convenient. The experimental
measurement results showed that the intelligent laboratory measurement system
meets the requirements of ISO 10140-2-2010 Acoustics-Laboratory measurement
of sound insulation of building elements—Part 2: Measurement of airborne sound
insulation, which can realize accurate and rapid measurement of sound insulation of
building elements, and the measurement efficiency was also improved with half time
saving.

25.1 Introduction

When it was necessary to eliminate or reduce noise measures such as noise elim-
ination, sound absorption and sound insulation can be used. Among them, sound
insulation as an effective means of noise reduction was widely used, such as sound
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insulation, sound insulation cover, and sound insulation screen. In order to eval-
uate the sound insulation performance of building element objectively and quanti-
tatively, we must test the building element. At present, the sound insulation theory
had become mature, and some new building elements were constantly appearing and
being applied. Accurate evaluation of the sound insulation performance of elements
has a very important significance in application [1–4].

The sound insulation test of building element could be generally divided into
laboratorymeasurement and fieldmeasurement [5, 6]. The experimental condition of
laboratorymeasurement is very demanding, special sound insulation room is needed,
and the measurement accuracy is high. The field test equipment is relatively simple,
which is greatly affected by the environment. The side perspective phenomenon of
the elements in the field test cannot be avoided, and the measurement accuracy is
poor.

The traditional sound insulation measurement equipment of building element is
mainly composed of multi-channel signal analyzer, microphone, sound source, PC,
and a series of other supporting equipment [7, 8]. The equipment between multiple
sound insulation rooms is connected by cable, which has large volume, cumber-
some wiring, high degree of human intervention, poor controllability, and repeata-
bility, which could not fully meet the test requirements. With the development of the
Internet of Things technology, the application ofwireless communication technology
and computer technology in acoustic testing has become more and more extensive,
making it possible for the measurement data of various measuring instruments to
be transmitted wirelessly, and the measurement results can be obtained intelligently
through software. In the environment of the Internet of Things, intelligent and accu-
rate measurement of the sound insulation performance of elements is a development
trend of structural sound insulation measurement.

In this paper, aiming at the laboratory measurement method of sound insulation
of building elements, a set of laboratory intelligent measurement system of sound
insulation was developed, and the Internet of Things technology was used to commu-
nicate wireless data of various measuring instruments and equipment, so that the
measurement room did not need to be connected to cables. Traditional sound signal
analyzers and digital sound level meters were replaced by smart mobile terminals
and smart sound level meters, which realize the intelligent measurement of sound
insulation of building element and make the Internet of Things technology fully
applied in building acoustics measurement. The limitation of laboratory measure-
ment conditionswas solved, and the interferenceof human factors in themeasurement
process was reduced. The intelligent control software could efficiently process and
analyze the collected measurement data, realize the automation of the measurement
process, make the sound insulation measurement more convenient and intelligent,
and improve the accuracy and reliability of the sound insulation measurement results
of building element.
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25.2 System Design Scheme

25.2.1 System Composition

The measurement system is mainly composed of sound source room sound equip-
ment, receiving roommeasurement equipment and smart mobile terminals (as shown
in Fig. 25.1).

Sound source room sound equipment mainly includes intelligent signal gener-
ator and power amplifier-integrated machine, regular dodecahedron sound source,
intelligent sound level meter, and router. Receiving room measurement equipment
mainly includes intelligent sound level meter and router. The technical indicators of
the measuring equipment are shown in Table 25.1.

In the sound source room, the signal generator and power amplifier-integrated
machine could be remotely controlled through the smart mobile terminal, and the
signal generation type (sine wave, white noise, pink noise, MLS, and other signals),
frequency, amplitude, and other parameters could be adjusted. The power amplifier

Fig. 25.1 Structure of
system

Receiving Room Router B

Regular
Dodecahedron 
Sound Source

Sound Source RoomRouter A

Intelligent Signal 
Generator and Power 
Amplifier Integrated 

Machine

Intelligent Sound 
Level Meter A

Building Elem
ent

Smart Mobile 
Terminals

Intelligent Sound 
Level Meter B

Table 25.1 List of measuring equipment

Serial number Device name Technical
requirements

Number Function

1 Intelligent signal
generator and power
amplifier-integrated
machine

MPE: ± 0.3 dB 1 Standard device

2 Omnidirectional
sound source

Stability: ± 0.02 dB 1 Standard device

3 Intelligent sound
level meter

Class 1 2 Standard device

4 Router – 2 Signal enhancement

5 Smart mobile
terminal

– 1 Control analysis
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drives the regular dodecahedron sound source to produce sound. The intelligent
sound level meter A measures the acoustic signal from the sound source in real time
and transmits the acoustic signal to the intelligent mobile terminal through router A
for various acoustic signal analysis.

In the receiving room, the smart sound level meter B could measure the received
acoustic signals from the sound source room in real time and transmit them to the
smart mobile terminal through router B for various acoustic signal analysis.

25.2.2 System Design

In order to realize the intelligentmeasurement and accuratemeasurement of the sound
insulation in the laboratory measurement system of the sound insulation of building
elements, the systemdesign concept ismainly considered from the following aspects:
(1) In order to improve themeasurement efficiency, thewirelessmeasurement scheme
is introduced, and each measurement room does not need to be connected; (2) in
order to avoid the change of sound pressure level caused by manual intervention, the
traditional indoor sound pressure level measurement equipment is replaced with a
smart sound level meter with wireless function and a smart mobile terminal, and the
measurement network is connected through a router tomeasure. During themeasure-
ment, it can not only automatically control the sound source to produce sound, but
also automatically receive measurement data; (3) by using smart mobile terminals
and measuring instruments, the development of measurement software based on the
Android system can achieve sound pressure levels. The measurement is more intel-
ligent and convenient. Accurate measurement, remote reading of measurement data
from wireless network, and analysis and calculation of building component sound
insulation loss are supported. The flowchart of measurement process is shown in
Fig. 25.2.

25.3 Measurement Steps and Methods

25.3.1 Test Schedule

25.3.1.1 Measurement Room

The laboratory consists of two adjacent sound source rooms and receiving rooms.
There is a test hole between the two rooms (as shown in Fig. 25.1) for the installation
of building element. The volume and size of the two rooms should not be exactly
the same. The appropriate room size ratio should be selected to make the normal
frequency of the low-frequency measurement as uniform as possible. In order to
obtain a better diffusion soundfield, the diffuser canbe installed in the receiving room.
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Fig. 25.2 Flowchart of the
measurement process

At the same time, it can also avoid the influence of sound insulation measurement
due to large changes in the sound pressure level in the room. According to the
requirements of ISO 10140-2-2010, the volume of the receiving room should not be
less than 50 m3, and the volume V of the receiving room should be measured and
recorded.

Before measuring the background noise of the room, the intelligent sound level
meter should be placed in the geometric center of the room or in the normal working
position (the measuring points should be far away from the edge interface, and the
minimum distance from the edge interface is 0.7 m), or it can be arranged according
to actual needs. During the measurement, the airtight soundproof doors of the sound
source room and the receiving room should be closed, and other places with sound
leakage should be sealed. The sound calibrator is used to calibrate the intelligent
sound level meter, and then the 1/3 octave band sound pressure level and A-weighted
sound pressure level at the measuring point are measured and recorded remotely
through the intelligent mobile terminal as the background noise sound pressure level
of the sound source room and the receiving room.

When measuring the reverberation time of the room, the airtight soundproof
doors of the sound source room and the receiving room should be closed, and other
places with sound leakage should be sealed. The intelligent mobile terminal remotely
controls the signal generator to output a pink noise signal, the signal passes through
a 1/3 octave band-pass filter to become narrow-band noise, and then it is output to a
regular dodecahedron sound source through a power amplifier, and finally, it makes
sound in receiving room. The intelligentmobile terminal controls the signal generator
to measure the reverberation time with the interrupted sound source method or MLS
method [9]. The smart mobile terminal records the decay curve of the sound pressure
level over time through the smart sound levelmeter, which is approximately a straight
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line within the range of (5–25) dB below the steady-state sound level. The reverber-
ation time should be the average slope of the line segment. The corresponding sound
pressure level at the bottom of the selected line segment should be at least 15 dB
higher than the background noise, and the reverberation time T of the receiving room
should be recorded.

Under normal test conditions, the reverberation time T of the receiving room
generally meets the requirements of formula (25.1) in the frequency range:

1s ≤ T ≤ 2

(
V

50

) 2
3

s (25.1)

where V is the volume of the receiving room, in cubic meters (m3); T is the
reverberation time, in seconds (s).

In laboratory measurement facilities for measuring sound insulation, any indirect
sound transmission should be negligible compared to the sound transmission through
the sound insulation test piece.

25.3.1.2 Sound Insulation Test Piece

For the selection and installation of different building elements, the representative
size of the appropriate building elements will be selected and installed at the opening
of the test piece in strict accordance with the requirements of ISO 10140-2-2010,
and the area S of the sound insulation test piece will be recorded.

25.3.2 Sound Field Generation in the Source Room

In the sound source room, the dodecahedron sound source should be placed at the
position that provides the diffusion sound field as much as possible, and it is required
to keep a certain distance from the sound insulation specimen. The intelligent mobile
terminal control software sends instructions to remotely control the intelligent signal
generator to use pink noise to generate sound. The sound generated is required to
be continuous and stable and have a continuous spectrum within the measurement
frequency range. The sound pressure level difference between the adjacent 1/3 octave
bands should not be greater than 6 dB. The spectrum acoustic signal measured by
the receiving room smart sound level meter is fed back to the smart mobile terminal,
and the signal generator amplitude and power amplifier gain are adjusted so that the
sound pressure level of all frequency bands measured in the receiving room is higher
than the background noise by more than 15 dB.
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25.3.3 Average Sound Pressure Level Measurement

Before measuring the average sound pressure level of the sound source room and the
receiving room, the smart sound level meter should be reasonably placed indoors,
to ensure that most of the indoor space that can be measured are covered, and the
distance between the smart sound level meter and the room boundary should be more
than 0.7 m, and the distance between the smart sound level meter and the building
specimen should be more than 1.0 m.

When measuring the average sound pressure level, the measurement time should
not be less than 30 s, which is calculated according to formula (25.2),

L = 10 lg
1
Tm

∫ Tm
0 p2(t)dt

p20
dB (25.2)

where p is the sound pressure, and the unit is (Pa); p0 is the reference sound
pressure, and the value is 20 µPa; Tm is the integration time, and the unit is (s).

25.3.4 Measurement of Sound Insulation of Building
Element

When the system is used to measure the sound insulation of building element, the
sound source shall be far away from the test piece, and the distance between the sound
source and the test piece shall not be less than 1.0 m, as shown in Fig. 25.1. The
sound source room and the receiving room should be closed. The soundproof door
should be closed, and other places with sound leakage should be sealed. According
to the requirements of 3.3, the smart mobile terminal receives the sound signal sent
by the intelligent sound level meter and calculates the average sound pressure level
L1 and L2 of the sound source room and the receiving room.

According to formula (25.3), the sound insulation R of building components in
each frequency band is obtained, and the expression [10, 11] is:

R = L1 − L2 + 10 lg
ST

0.16V
(25.3)

where R is the sound insulation of building components, in (dB); L1 is the average
sound pressure level in the sound source room, in (dB); L2 is the average sound
pressure level in the receiving room, in (dB); S is the area between the sound source
room and the receiving room, in (m2); T is the reverberation time in the receiving
room, in (s); V is the volume of the receiving room, in (m3).
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Fig. 25.3 Function selection
of the measurement software

25.4 Sound Insulation Measurement Software
and Measurement Results

25.4.1 Sound Insulation Measurement Software

In themeasurement process of sound insulation of building element, themeasurement
software of intelligentmobile terminal plays a key role,which can realize remote one-
key control of sound source room, average sound pressure level, and sound insulation
loss measurement, and real-time monitor the operation status, and measurement
process of sound insulation loss measurement system. The function selection of
measurement software is shown in Fig. 25.3.

25.4.2 Measurement Result

The steel sound insulation door is selected as the object to be tested. Themeasurement
process is carried out in accordance with the steps in Sect. 25.3. The experimental
measurement data are shown in Tables 25.2 and 25.3. Different software functions
are selected to test various parameters through the intelligent mobile terminal control
software, and the sound insulation factor measurement results are shown in Fig. 25.4.

From the measurement process and data, it is found that compared with the tradi-
tionalwiringmeasurement, the sound insulation loss of themeasuredobjectmeasured
by the intelligent measurement system of the laboratory can solve the influence of
the laboratory measurement conditions, shorten the measurement time by about 1/2,
and the system has better repeatability and stability.
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Table 25.2 Measurement
data of the average sound
pressure level of the source
room

Frequency/Hz Background noise/dB Measurement noise/dB

100 35.0 70.6

125 34.4 76.5

160 33.5 76.5

200 35.9 83.4

250 32.2 77.6

315 31.0 80.7

400 31.7 80.0

500 31.4 78.8

630 30.3 77.7

800 33.1 77.3

1000 32.8 75.4

1250 33.4 74.8

1600 30.5 78.6

2000 32.0 76.4

2500 29.9 75.0

3150 26.8 73.8

4000 25.2 72.6

5000 22.2 75.7

Table 25.3 Measurement
data of the average sound
pressure level of the receive
room

Frequency/Hz Background noise/dB Measurement noise/dB

100 36.9 47.2

125 37.6 51.6

160 31.0 50.4

200 36.9 52.9

250 31.5 51.5

315 32.9 52.7

400 32.7 49.0

500 33.2 48.0

630 31.5 47.0

800 30.3 45.4

1000 28.8 41.9

1250 27.7 39.4

1600 27.5 45.0

2000 27.2 44.8

2500 27.7 44.9

3150 26.4 44.4

4000 21.2 39.6

5000 20.3 37.8
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Fig. 25.4 Measurement
results of the sound
insulation factor

25.5 Conclusion

Aiming at the measurement of sound insulation loss of building elements, an
intelligent laboratory measurement system based on intelligent mobile terminal is
proposed. Itmeets the requirements of ISO10140-2-2010 laboratorymeasurement of
sound insulation of building elements-Part 2. It has the advantages of high automation
control, simple operation, convenient measurement, and intelligence and improves
the accuracy and reliability of sound insulation measurement results. The system
realizes the application of the Internet of Things technology in the measurement of
acoustic sound insulation. The measurement data of each acoustic measuring instru-
ment is transmitted wirelessly, and the measurement results can be obtained through
remote intelligence, which helps to simplify the measurement method and improve
the measurement efficiency. In the environment of Internet of Things, the intelli-
gent measurement system can be extended to the measurement of acoustic physical
quantities of other building elements. Intelligent measurement will be a development
trend of architectural acoustic measurement in the future.
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Chapter 26
Research on Application
of Somatosensory Interactive Technology
in Teaching

Xiaoqiang Hu, Zhimei Ma, Xiaoting Fan, and Yuanyuan Wang

Abstract As a new human–computer interaction technology, somatosensory inter-
action technology enables people to reach a new height in the way of controlling
multimedia. People do not need to directly touch the equipment, but operate multi-
media equipment through natural language such as body movements. At present,
somatosensory technologyhas some frontier explorations and experiments in thefield
of teaching applications. It is used in the classroom as a teaching tool to make up for
the shortcomings of the traditional teachingmodel. It can not only help teachers create
a more realistic teaching environment, but also optimize the sense of experience of
students. This article focuses on the teaching application cases of LeapMotion equip-
ment development and design and analyzes the form of somatosensory interaction
technology used in teaching, and comparisons are made in terms of teaching envi-
ronment, teaching methods, teaching subjects, and teaching content. It also provides
ideas for the subsequent research on somatosensory technology in teaching.

26.1 Introduction

With the continuous development of science and technology, the informatization
and digitization of modern educational technology are rapidly spreading, and the
form of education is changing in the era of intelligence [1]. The traditional teaching
mode can no longer meet the necessary conditions for teaching, and more efficient
human–computer interaction technology is needed to innovate the teaching mode.
By analyzing the existing somatosensory teaching cases, this article discusses the
application form and effect of somatosensory interaction technology in teaching and
provides ideas for subsequent research.
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26.2 Overview of Somatosensory Interactive Technology

26.2.1 Concept of Somatosensory Interaction Technology

Somatosensory interaction technology is a technology that uses computers to capture
user actions to obtain commands and then uses algorithms to give users feedback [2].
It can realize three-dimensional space depth measurement, human bone point detec-
tion, movement, gestures, face and voice recognition, and other functions, allowing
operators to use human posture and movement to interact with computer software.
The most commonly used devices for somatosensory interaction technology include
data gloves, Kinect, and LeapMotion. LeapMotion has many experienced users due
to the advantages of cheap price, small size, high accuracy, and low latency.

26.2.2 The Way of Somatosensory Interaction

The use of somatosensory interaction technology depends on the appropriate inter-
face performance and interaction mode. According to the situation, it can be divided
into the following three scenarios: (1) Virtual scene—the software interface uses a
two-dimensional or three-dimensional virtual interface to form the scene required for
learning content and operation the person uses body movements to interact with the
props in the virtual interface. (2) Augmented reality scene—the software interface
uses real-time video collected by a somatosensory camera to superimpose virtual
props to form a real and virtual scene. (3) Mixed reality scenes—the software inter-
face uses superimpose the operator’s portrait matting in the real video captured by
the motion-sensing camera in real time onto the virtual background and props scene
to reconstruct the mixed reality scene of the real portrait and the virtual scene.

26.3 Case Analysis of Somatosensory Interactive
Technology in Teaching

In recent years, our team has been devoted to studying the application of somatosen-
sory interaction technology based on LeapMotion equipment in teaching and has
developed many teaching application cases. The following mainly through three
representative cases analyze how somatosensory interaction technology is used in
teaching.
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Fig. 26.1 Effect of color discrimination application

26.3.1 Preschool Color Discrimination Teaching

This case is a somatosensory application designed to assist young children learn
color discrimination. The application is divided into two parts. The first part is the
“primary level,” learn to distinguish the types of different colors; the second part
is the “intermediate level,” learn to distinguish the shades of similar colors. In this
application, students do not need to operate the mouse and keyboard to select colors,
but instead grab the corresponding colors through gesture interaction and add them
to the kettle, simplifying hand movements, and allowing students to focus on the
task itself [3], as shown in Fig. 26.1. In this case, the somatosensory application
is used as a teaching tool for “ability training,” which reduces the learning burden
of students at lower ages. Students do not need to learn new operation methods [4]
and only need to use gestures to operate the learning software flexibly and reduced
increased frustration caused by lack of computer operation experience; at the same
time, it can also cultivate concentration. Students are immersed in realistic application
scenarios, enjoying the freshness brought by somatosensory learningmethods, which
can effectively improve learning efficiency.

26.3.2 Primary School Science Curriculum Teaching

This case is based on the elementary school “science” course “understand the
weather” content as an entry point, designed a meteorological popular science appli-
cation based on somatosensory interactive technology [5]. The application has three
parts. The first part belongs to the operation experience type. Students enter in the
role of the first person and change the weather through the switching of gestures,
which can enable students to experience different virtual weather effects. The second
part belongs to the animation narrative type, taking the adventures of the bear as the
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Fig. 26.2 Scene effect diagram of meteorological science application

clue of the whole story. Students can watch animated short films interspersed with
meteorological science knowledge. The third part belongs to answering questions.
The scene is a farm paradise, where there are many small animals, and each animal
carries a customs clearance book. After finding the small animal, get the problem title
through gesture interaction, only answer all questions correctly to pass the customs
successfully. In the entire application, students can click the buttons on the menu bar
through gesture interaction to switch between different weathers. Similarly, jumping
between levels and receiving rewards after each level can also be achieved using
gesture interaction, as shown in Fig. 26.2. In this case, the somatosensory applica-
tion is used as a “knowledge teaching” teaching tool. On the one hand, assisting
teachers in teaching new courses, changing the monotonous teaching methods in
traditional classrooms, and turning the classroom into an immersive game scene; On
the other hand, students are immersed in the virtual weather scene through gesture
interaction, which deepens their understanding of weather.

26.3.3 Middle School Innovation Curriculum Teaching

This case is a somatosensory interactive application designed to solve the problems
existing in the teaching of ceramic relic restoration [6]. In the current ceramic relic
restoration courses, when students are training for restoration of ceramic cultural
relics, they need to conduct a detailed and comprehensive observation of the ceramic
cultural relics, know the current status and extent of damage to the cultural relics, and
then judge the location of the fragments. If there is a splicing error during bonding,
the ceramic cultural relics will suffer irreversible artificial damage. This ceramic
cultural relic repair application based on somatosensory interaction technology can
solve these problems well. In the virtual scene, students use gesture interaction to
grab and assemble the fragments of ceramic cultural relics, so there is no need to
worry about the problemof damage to it caused bymisalignment and can be practiced
repeatedly for many times, as shown in Fig. 26.3. In this case, the somatosensory
application is used as an “operational practice” teaching tool; on the one hand, it
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Fig. 26.3 Effect picture of ceramic relic restoration application

reduces the teacher’s teaching tasks, and the teacher does not need too much actual
operation demonstration and instruct students only when they practice; On the other
hand, it solves the problem of insufficient teaching equipment, and every student can
practice freely. There is no need to worry about that improper operation will damage
the cultural relics.

26.4 Discussion on the Effect of Somatosensory Interactive
Technology in Teaching

26.4.1 Teaching Environment

From the traditional “blackboard + chalk” to “multimedia integrated machine +
push–pull blackboard” to the current “electronic whiteboard” [7], although the tradi-
tional mouse and keyboard control has been changed to touch control, but still
teachers are restricted to the podium. There is a sense of distance between teachers
and students, and the entire teaching atmosphere becomes rigorous and rigid due to
distance. If you use an electronic whiteboard combined with somatosensory interac-
tion technology, this problem can be solved effectively. Teachers can achieve page
turning, circle, erasing, and other actions of PPT with simple gestures. Teachers can
fully integrate into the students, with good interaction with students, and the entire
teaching atmosphere will become relaxed and active. At the same time, the use of
teaching resources developed by somatosensory interactive technology can expand
the classroom into a variety of experience environments, only need to change the
software to switch learning content.
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26.4.2 Teaching Methods

In the traditional teaching, the most commonly used teaching method is the lecture
method, and the teacher imparts knowledge to the students through oral language.
This teaching method is very dull. The use of somatosensory interaction technology
in teaching can provide teaching methods of situational teaching and game teaching.
Students can learn in a highly realistic situation, which can visualize and visualize
knowledge and become lively. For example, in the “recognition of meteorology,” the
use of somatosensory technology to create a situation can enable learners to change
from passively receiving information to actively understanding and constructing
information in the situation,which improves the concentration of students in learning;
simultaneously, gamified teaching can stimulate students’ interest in learning.

26.4.3 Teaching Subject

In traditional teaching, the teacher acts as the leader and controls the rhythm of the
entire lesson, and students receive information more passively. Under the application
of somatosensory interaction technology, the focus of teaching is shifted. Students
are the main body of learning, and teachers are more of the designers and promoters
of learning. For example: In the ceramic relic restoration course, after the teacher
imparts the theoretical knowledge to the students, he uses this ceramic relic restora-
tion somatosensory application to help students practice exercises. The teacher does
not need to explain too much, but allows the students to immerse them and practice
repeatedly. Classrooms using somatosensory interaction technology can effectively
promote behavioral interaction between teachers and students.

26.4.4 Teaching Content

Traditional teaching content refers to objective materials such as textbooks, videos,
and text materials. Students need teachers to explain before they can absorb and
understand knowledge. Under the application of somatosensory interaction tech-
nology, somatosensory application has become the teaching content. It is an appli-
cation developed with teaching as the goal. For example: “Forest Adventure”
somatosensory game [8], using the geographical knowledge of junior high school
as the educational content of the entire game, students answer the geographically
relevant questions in the game problems come to pass, but also learn related knowl-
edge points. Under the application of somatosensory technology, the content learnt
by students is expanded from the text in the textbook to the learning of activities and
skills. Students do not need to rely entirely on the teacher’s explanation to understand
knowledge, but can independently explore and learn.
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26.5 Summary

With the advancement of technology and the development of the times, modern
tools based on artificial intelligence, big data, VR, and other technologies have made
people’s lives more and more convenient and efficient. During the epidemic period,
the concept of “stopping classes and not stopping school” promoted the development
of online education, and at the same time, it also attracted attention to somatosensory
education. For example: The epidemic urged the whole country to “home fitness.”
Somatosensory technology’s accurate recognition of limb movements and digital
courses developed by 3D technology enable students to exercise at home and learn
knowledge without leaving home. It can be seen from this that future smart appli-
cations focus on experience. Therefore, the combination of somatosensory inter-
action technology and artificial intelligence technology in teaching will have good
development prospects.
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Chapter 27
The Design and Implementation
of the Identification System for Primary
Protected Birds in China

Xinhua You, Chunxiu Xiong, Lu Chen, Haiyan Wu, and Yu Dai

Abstract This paper briefly introduces the composition of identification system
for primary protected birds in China and the functions of each module, and puts
forward the realization of the design ideas for the bird’s identification system, and
gives its working process, that is, how the inference engine module obtains the
best identification decision. Combined with computer recognition technology, the
system can use forward and reverse inference to obtain the identification decision,
solve the problem that forest public security organization is difficult to quickly and
accurately identify rare birds in illegal events of protecting rare birds, and fill the
blank of computer identification technology in forest police handling cases. Finally,
the importance of the recognition systemand its application prospect are summarized.

27.1 Introduction

With the more and more attention of human beings for protecting the ecological
environment, the forest public security organs encountered more and more illegal
events in the process of protectingwild animal [1].However, the forest public security
organ has not attached great importance to the application of criminal technology in
forest cases for a long time, and has little research, and has no relatively complete
technical support system. How to apply the criminal technology of local public
security to the actual case handling of forest public security and better serve the
forest public security is still blank.

Rare birds are one of the important protection objects of forest public secu-
rity organs. In recent years, illegal cases of destroying wild bird resources have
been reported in newspapers or media from time to time. The phenomenon of
illegal hunting, selling, transporting and smuggling birds occurs frequently. In some
provinces and regions of China, there are even special gangs who live by hunting
birds.
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There are many kinds of wild animals in China, which is one of the countries with
the most abundant species of wild animals in the world, including 1319 species (or
subspecies) of the birds, and nearly 300 species of rare birds are protected by the state
[2]. These birds live in different environments, their ecological habits are different,
and their externalmorphology also has its own characteristics, even if experts without
the help of reference books, it is difficult to identify them all. Although there are
local records or maps about birds all over the country to help identify them, it is very
difficult for forest public security organs with weak technology to identify wild birds.
In the process of sending them to other specialized agencies for identification, there
are problems of sample preservation, which costs manpower, material and financial
resources, and sometimes delays in handling cases [3]. The study of the computer
identification system is particularly important for law enforcement officers to quickly
identify the captured birds on the spot and determine whether they belong to the rare
birds are protected by the state so as to carry out the next step of case handling
procedures [4].

27.2 Composition of the Bird Identification System

In the bird identification system, these functions are completed by inference engine
module, knowledge base module, working memory module and user interface
module. The structure is shown in Fig. 27.1.

In order to make the bird recognition system have real interpretation function, we
use more knowledge base modules than rules, annotate each rule, and code more
knowledge. We use inference module engine and interpretation engine to use this
knowledge base module at the same time [5].

In the structure of the bird identification system, knowledge base module, infer-
ence engine module and working memory module are the core of the recognition
system. The main parts of the system are knowledge base module and inference
engine module. According to the reasoning system discussed so far, the knowledge

Fig. 27.1 Structure of the bird identification system



27 The Design and Implementation of the Identification … 221

base module is composed of predicate calculus facts and rules related to the charac-
teristics of China’s primary protected birds. The inference engine module consists of
all operating knowledge base modules to deduce the information of protected birds
required by users, such as search, forward chain or reverse chain. User interface may
include some kind of natural language processing system. It allows users to interact
with the system in a limited natural language form. It is also possible to use a graph-
ical interface with a menu to explain the subsystem, analyze the reasoning structure
executed by the system, and interpret its recognition results to the user.

27.3 Realization of the Bird Identification System

In this system, the inference engine module is connected with the user interface
module, and the recognition decision algorithm is described. Based on the character-
istics of retrieval, forward reasoning I and reverse reasoning level II [3] can be used
to obtain the recognition decision.

Realize forward reasoning I, first of all, extracted the feature parameters of the
primary protected birds in China, and then compared with the knowledge base
module, found out the best recognitionmethod: the knowledge basemodule is SDB1,
the bird feature parameter is EDB2, and the working memory is module TDB3. The
algorithm can be described as follows:

Procedure Date_Drive (TDB3, SDB1, EDB2)
BEGIN
S ← ScanFirst (TDB3, SDB1, EDB2)
//the function ScanFirst() is to search bird feature database
//If a bird characteristic library that meets the requirements is found, then sets
Solving_flag 1;
While(NOT(S = F)) AND Solving_flag = 0 Do
// If more than one bird feature libraries are found, then loop
R: = Conflict_Resolution(S)
// Clear up the conflict, and then select the identification decision with the highest
priority
Excute(R)
// Select the operational part of the identification decision
S ← ScanFirst(TDB3, SDB1, EDB2);
// call the function ScanFirst(), find the next identification decision
EndWhile
END

Using this algorithm, the recognition can be divided into different priorities, and
then organizing the content of teaching decision in the order of priority from high to
low, to ensure that the bird feature library selected each time has the highest priority.
This algorithm can implement a variety of recognition decisions for a certain bird
feature, so as to better help users to identify the national primary protected birds.
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Realize reverse reasoning II, It is suitable for the user to ask for the bird recognition
system actively. In this retrieval process, the recognition decision takes a certain
bird feature hypothesis target (M) proposed by the user, finds the set (A) of all
the antecedent knowledge points in the working memory module (TDB3), and then
finds out all the bird features in the knowledge base module (SDB1), and takes the
knowledge point as the target to carry out reverse reasoning. The algorithm can be
described as follows:

Procedure Goal_Drive (M, TDB3)
BEGIN
Scan (TDB3, M)
//Search for the above bird feature set: A = {A1, A2… An}
If(A = F)OR(all(A) ≥ passed)then
// If the above bird characteristics set is empty
Date_ Drive (SDB1, TDB3, M)
//then study the target knowledge points M
Else
// the above bird characteristics set is not empty
While i
//check the characteristics of each birds
Goal_ Drive (A, TDB3)
//then recursive invocationGoal_ Driv(),study the knowledge points
Endif
Endwhile
Endif
END

The algorithm recursively searches the bird features to find out the best recogni-
tion decision. The retrieval process can be realized step by step, and the individual
characteristics of birds provided by users will be identified. As shown in Table 27.1,
after collecting enough birds’ characteristic data, different bird photos are analyzed
to show the comparison with common identification systems. It can be seen from the
figure that the system has a certain improvement in the speed and accuracy of bird
identification, and through further optimization and design, it can reduce the cost of
equipment in practical application [6].

Table 27.1 Comparison of
common systems

Recognition speed Accuracy

opencv 0.7 0.8

TensorFlow 0.6 0.8

Forward reasoning I/reverse
reasoning II

0.7 0.83
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27.4 Conclusions

The system collects a large number of national primary protected birds’ characteristic
database, especially the detailed photos of different characteristics. Many detailed
photos of birds do not exist in the current data, so it need to take photos by the
research team. However, wild animals are active, and it is difficult to get close to
themunder normal conditions, so it is hard to capture the detailed photos thatmeet the
requirements. Only when the birds’ feature database with enough data support can
it have enough accuracy in extracting bird features and making the best recognition
decision.

The system is composed of inference engine module, knowledge base module,
working memory module and user interface module, which can solve the problem
that it is difficult for forest public security organs to identify rare birds quickly and
accurately. Including the design of computer recognition algorithm, the compilation
of retrieval map is also the difficulty of this system. The diversity of bird species
and characteristics make it more difficult to draw up a retrieval map by grasping the
combination of features which are well-circumscribed, intuitive and easy to operate.

The example given by this bird identification system is only an embryonic form of
the bird identification system model. The emphasis is on how to design and identify
the system. The design of the bird identification system generally adopts the proto-
type method, and many functions or knowledge need to be enriched and improved
in the future. Through the development of the system, and constantly supplement
and improve, especially combined with the existing system, it can quickly and
conveniently identify the primary protected birds involved in the case.
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Chapter 28
The Construction of Online and Offline
Golden Course—Network Cabling
and Testing Course as an Example

Lei Wang

Abstract The evaluation standard of golden course is high-level, innovative and
challenging, i.e., one degree for both sexes. Combined with the network cabling
and testing course, this paper deeply discusses how to construct the online and
offline mixed golden course from the initial design to the teaching implementation,
to the complete evaluation of the course, so as to realize the cultivation of applied
undergraduate talents who are ready to take up their posts and get employed after
graduation.

28.1 Introduction

In June 2018, theMinistry of Education held a national conference on undergraduate
education in Colleges and universities in the new era. At the meeting, the concept of
“golden course” was put forward for the first time, pointing out that it is necessary to
increase the difficulty of undergraduate courses, expand the depth of courses and turn
“water course” into an abstruse and challenging course. Subsequently, “wastewater
innovation fund” was officially written into the Ministry of education document
for the first time [1]. For the first time, the Ministry of education put forward the
evaluation standard of “high level, innovation and challenge” for “golden class” [2].

Network cabling and testing course is an independent experimental course. The
courses include network engineering specialty and Internet of things engineering
specialty. It belongs to the professional basic course,with a total of 32 class hours. The
teaching content of the course comes from the actual talent demand of the enterprise.
By analyzing the talent demand, designing the course content and benchmarking the
corresponding post recruitment requirements, the talent training mode is established.
First, the content of pre-job trainingwill bemoved to colleges and universities so as to
achieve the goal of starting work and graduation employment. In order to achieve this
goal, it is necessary to actively cooperate with enterprises and deepen the cooperation
mode between schools and enterprises. Through the form of inviting in and going
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out, enterprises are encouraged to participate in the formulation of course teaching
content, and the employment practice posts of enterprises are reserved in advance to
provide convenience for students’ subsequent employment practice.

In the construction of golden course, the description of gender is high-level, inno-
vative and challenging. The so-called high-level refers to the organic integration of
knowledge, ability and quality and is to cultivate students’ comprehensive ability
and advanced thinking in solving complex problems. The so-called innovation refers
that the contents of the curriculum should reflect the frontier and the times, teaching
form presents advanced and interactive, and the learning results are exploratory and
personalized. The so-called challenge refers to the difficulty of the course, which can
only be achieved by skipping. Teachers and students have higher requirements in
preparing lessons and after class. In this paper, network cabling and testing course as
an example, respectively, from the teaching content, teaching objectives to reflect the
high-level of the course, from the teaching methods and teaching mode to reflect the
innovation, from the evaluation system, reflect the challenge of the course, introduce
the relevant content in detail.

28.2 Clear Teaching Objectives, Benchmarking Post Talent
Needs

Teaching objectives are very important for curriculum teaching. Only with clear
teaching objectives can the effective training of talents be realized. According to
Bloom’s classification theory of educational objectives (revised edition), the cogni-
tive process is divided into six levels from low to high: memory, understanding,
application, analysis, evaluation and creation [3]. In order to reflect the high-level
requirements, in the course design of the network cabling and testing course, the
curriculum training goal is the employment goal. Through the analysis of the talent
demand of the industry and enterprise, and the corresponding knowledge point anal-
ysis of the post demand, the knowledge points are divided into different cognitive
levels and treated differently in the course design. Network generic cabling and
testing course take generic cabling engineering as the overall course design idea.
The course content is divided into engineering design project, engineering construc-
tion project and engineering acceptance project. Four subprojects are designed in the
engineering design project, including generic cabling design scheme formulation,
design drawing etc., and eight subprojects are designed in the engineering construc-
tion project, including twisted pair connection technology, module pressing tech-
nology, trunking bridge connection technology, optical fiber connection technology,
etc. In the project acceptance project, seven subsystems are designed, including basic
use of certification tester, certification test of channel permanent link, certification
test of optical fiber link, network troubleshooting, basic use of OPV XG network
analyzer, etc.
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In the specific implementation process, combined with the superstar course plat-
form, through teaching videos, online homework, online examination, some basic,
simple knowledge points can be learned and mastered by students in the early stage
through online teaching, and through the online and offline mixed teaching mode,
students are mainly guided to cultivate the ability to analyze and solve problems
in class The practical ability of high school students, for example, when teaching
to the completion acceptance of generic cabling project, will analyze various fault
phenomena in detail, requires students to use the relevant knowledge they have
learned to solve all kinds of engineering problems encountered so as to help students
successfully solve relevant problems in future work.

28.3 Optimizing Teaching Content and Training Applied
Undergraduate Talents

In terms of teaching content, the specific goal is to cultivate applied undergraduate
talents, integrate the latest technology of industry and enterprise into the classroom,
introduce the experts of industry and enterprise into the classroom and offer special
lectures for students so as to improve the students’ acceptance of new technology
and the cutting edge of the course content. The following methods are mainly used
to improve the high-level requirements of the course content.

28.3.1 Introduction of National Standard Requirements
to Improve Students’ Awareness of Standards

In the course of teaching, the national standards will be introduced in detail. Relying
on the contents of the national standards, the relevant contents involved in the generic
cabling project will be introduced in depth and detail. At present, the national stan-
dards followed in China’s generic cabling project are GB 50,311-2016 “code for
design of generic cabling system engineering” and GB. In the course of 50,312-2016
code for acceptance of generic cabling system engineering, students will be required
to complete a course analysis report through network survey, and compare the latest
version of national standard with the previous version of GB 50,311-2007 and GB.
The differences between 50,312-2007 and the contents added or revised in the new
standard are summarized so as to improve the students’ ability of data access and
document collection.
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28.3.2 Hold Regular Course Discussion Meeting,
from Enterprise to Enterprise

In order to better optimize the curriculum resources, the person in charge of the
course will actively visit the industry and enterprises, listen to the opinions of all
parties, introduce the latest technology and the most classic cases into the course and
understand the talent demand of the corresponding positions of the enterprise through
visiting the enterprises, integrate the post requirements into the course teaching in real
time, and arrange students to participate in post-practice and employment practice so
as to achieve the goal. Now from the enterprise talent demand, to the school personnel
training, and finally realize the closed-loop operation of students’ internship and
employment.

28.3.3 Introduce High-End Lectures, Expand Students’
Horizons and Realize Ideological and Political
Education

Through the in-depth school enterprise cooperation mode, experts from industry
and enterprises are introduced to provide relevant lectures for students. The lecture
contents include case sharing of generic cabling engineering, recruitment require-
ments of enterprises, professional ethics of enterprises and the latest advanced tech-
nologies of generic cabling. Through such lectures, on the one hand, students’ vision
is expanded, and on the other hand, students’ professional ethics are improved and
students are optimized. To train students to become an applied talents who are
proficient in all kinds of technical ability, comply with professional ethics and be
responsible for their own life.

28.4 Using a Variety of Teaching Methods to Promote
Students’ Learning Enthusiasm

Network cabling and testing course is an independent experimental course, which
includes a large number of experimental content. Therefore, it is very important to
design various teaching methods to enhance students’ learning enthusiasm and bring
their innovation into full play. The following is a brief summary of several commonly
used methods.
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28.4.1 Mix Online and Offline, Expand Course Hours

The number of class hours of a course has always been a pain point that restricts the
difficulty and depth of the course. Through reasonable curriculum design, teachers
can achieve the established teaching objectives in a reasonable number of class
hours. However, if they want to be able to speak more, teach more, improve some
teaching difficulties, let students play a creative role and make the course more
challenging. They need to spend a lot of extra time in the explanation of relevant
content and sharing of relevant experience. This state was difficult to achieve before,
but now based on the emergence of various online platforms, teachers can publish
a large number of basic teaching videos, basic assignments and basic examinations
directly through the online platform and require students to complete the learning of
relevant content outside the classroom, which will virtually expand the total course
learning. In class, the teacher only needs to summarize the online content and answer
questions, instead of explaining it from the beginning. By saving these class hours,
teachers can explain more cutting-edge technologies, more practical cases, arrange
more discussion and sharing so that more students can further participate in the
learning of the course and improve students’ innovation [4].

28.4.2 Writing Course Analysis Report to Promote Students’
Independent Thinking Ability

Course analysis report refers to the specific analysis of a certain problem and an
event through the study of the course and the investigation of students and summa-
rizes the relevant suggestions, opinions and results. Through this method, students’
learning situation can be evaluated, and the teacher’s lecture content andmethods can
be adjusted to achieve the optimal learning effect. In the course of network cabling
and testing, students will be required to have five course analysis reports, including
national standard analysis report, electrical parameter analysis report, transmission
mediumanalysis report, data center construction analysis report andwireless network
construction analysis report, etc. Through these reports, students can summarize the
relevant content they have learned and can also make personal analysis report based
on the course content. Data collection, summary and improvement of relevant knowl-
edge reserves, such as the contents of the last two reports, data center construction
analysis report and wireless network construction analysis report are not involved
in the actual course, and the teacher will only explain through a simple case in the
course of teaching, but students need to collect and investigate the data themselves
to complete the specific points analyze the content of the report.
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28.4.3 The Operation of Group Mode Can Improve Students’
Team Cooperation Ability

The generic cabling project is a team cooperation project, through which the project
can be successfully completed. Therefore, how to instill this concept into students
is very important. In the course design process, students will be required to divide
into groups, with each group in groups of seven, and each group will be required
to complete a group cooperation after half a semester of cooperation and commu-
nication. Take a building as an example to complete the integration. Each student
will have a division of labor in the formulation of wiring engineering design scheme.
For example, with 7 people as an example, member 1 completes the investigation
of buildings, member 2 completes the design of work area subsystem, member 3
completes the design of horizontal trunk subsystem, member 4 completes the design
of other subsystems, member 5 completes the drawing of relevant charts in the design
scheme, and member 6 completes the design scheme phase For document writing,
teammember 7 is the project manager, who needs to complete the report and display
of group design scheme in class. Through this kind of team cooperation, students’
enthusiasm for learning and participation can be greatly improved, and their creativity
can be brought into play.

28.4.4 Classic Case Analysis, Help Students Quickly
Accumulate Experience

Project experience needs time to accumulate. The relevant knowledge points learned
by students in the school and in the classroom are not enough for the situation that
they need to deal with when they go to work in the future. How to help students
quickly accumulate experience is also a problem that needs to be considered in the
construction process of golden course, especially for the course of network generic
cabling, which attaches great importance to engineering experience. Therefore, the
course principal mainly solves this problem through two methods: one is to visit the
industry and enterprise regularly to understand the latest practical cases and bring the
cases back into the classroom teaching; the other is to require industry and enterprise
experts to set up relevant lectures so as to help students accumulate project experience
and help students integrate the knowledge they have learned.

28.5 Using 1 + X Assessment Mode to Optimize
the Evaluation System

Formative evaluation, also known as process evaluation, is often combined with
summative evaluation to evaluate the teaching effect and quality. In the past, the way
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of evaluation is to make a lifelong test, and the final examination will determine the
source of all the results. However, this evaluation method is difficult to really judge
a student’s learning situation and teaching effect. Therefore, it is necessary to use a
variety of methods to comprehensively evaluate the students’ learning situation and
the teacher’s lecture situation.

28.5.1 Using 1 + X Mode to Evaluate Students’ Learning
Situation

At the beginning of the design of the network cabling and testing course, the overall
evaluation mode is considered. Through the 1 + X mode, the learning effect of
students is evaluated in a process. Among them, 1 accounts for 40% of the total,
which refers to the final test. The main assessment content is various knowledge
points that must be mastered in the course, with a total of 66 knowledge points.
In the course of teaching, the teacher will integrate these knowledge points into
the course teaching. It refers to the process score, accounting for 60%, including
course analysis report score, operation test score and experimental report score, each
accounting for 20%. Through the accumulation of these process scores, students’
learning situation can be judged from daily learning, and students’ participation and
enthusiasm can be improved, so that students can truly meet the requirements of post
skills required by the course.

28.5.2 Students’ Mutual Evaluation is Adopted to Truly
Reflect Students’ Learning Situation

In the learning process of network cabling and testing course, students’ mutual eval-
uation is also introduced. Taking the previous team work as an example, after the
students complete the preparation of generic cabling engineering design scheme in
the form of group, the project teamwill report and display, and other groups will give
a basic score to the exhibition group, and the teacher will also give a professional
score so as to achieve double evaluation subsystem, more fair evaluation of students’
learning effectiveness.
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28.5.3 Using Mycos Teaching Quality Platform
to Comprehensively Evaluate the Teaching Situation
of Teachers

At the end of the course, students will be required to use the Mycos teaching quality
platform to comprehensively evaluate the teaching level of teachers and compre-
hensively evaluate the high-level, innovative and challenging degree in the course
process so as to urge teachers to continuously improve their teaching level and further
help students master relevant curriculum knowledge. In addition, there will be a large
number of additional evaluation methods to comprehensively evaluate the teaching
level of teachers during the epidemic period, such as supervising and listening to
classes and learning between teachers.

28.6 Conclusion

Gold curriculum construction is the product of the development of the times.
However, how to build a good golden course and how to evaluate the construc-
tion effect of the golden course is a problem that needs to be discussed together.
Reasonable use of online and offline resources, effective use of all kinds of high-tech
means, under the premise of achieving the goal of basic courses, to achieve gender
equality, is a long time in the future need to continue to explore and correct the
problem. The key point of the construction of golden course lies in the teachers and
students, and the teachers must have a sense of responsibility. The preparation of the
golden course construction needs to spend a lot of energy on the design, production,
research and development. In the process of operation, it needs constant adjustment
and improvement. Therefore, a high-quality golden course needs a lot of time and
experience. The construction of golden course also depends on students because the
goal of all courses is to serve students. Therefore, only if students arewilling to devote
their energy to study can the construction of golden course be successful. Continuous
improvement, constant deliberation and constant discussion are the process that the
golden course construction must go through.
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Chapter 29
Simulation and Experimental Research
on Vibration Magnetic Effect
of High-Speed Rail Wheel Set Material

Zhenfa Bi and Zongkai Wang

Abstract In this paper, the magnetic memory signal of high-speed iron wheel set
material is studied by combining simulation and experiment with vibration charac-
teristics. In the simulation process, the vibration frequency is 50 Hz, the vibration
time increases from 4000 to 8000 h, the mean tangential component of magnetic
memory signal decreases from −343.33 to 810.4 A/m, the difference is increased
from 769.72 to 1544.37 A/m, and the average value of normal component decreases
from 191.5 to 785.8 A/m, and the difference increases from 450.32 to 2074.04 A/m.
The variation of the above values show that the different vibration time of the same
frequency affects the tangential and normal components of the signal. The results
indicate that the change of magnetic signal is consistent with the simulation results.
This paper has practical reference significance for the application of high-speed
railway wheel set fault detection by establishing the corresponding relationship with
magnetic memory signal.

29.1 Introduction

The wheel set is an important component of the entire vehicle system, and the safety
of train operation depends on the normal operation of the wheel set. When the train
passes through a series of special road conditions such as uneven track, the wheel
set will vibrate violently [1], which intensifies the dynamic force of the track on
the wheel set. Long-term vibration will cause the wheel hub, rim and spokes. The
macroscopic performance gradually deteriorates, and fatigue accumulation damage
is inevitable, which seriously affects the safety of the train [2]. Therefore, researching
the vibration characteristics of the wheel set system is an important method to ensure
the safe operation of the high-speed railways [3].

Based on the metal magnetic memory detection technology, with the help of
finite element software numerical simulation and laboratory sampling experiment
research method, the vibration magnetic effect of wheel set material is studied, and
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Fig. 29.1 Metal magnetic
memory detecting schematic

the practicability of magnetic memory technology in the field of wheel set safety
detecting is verified.

29.2 The Principle of Metal Magnetic Memory Detecting

The metal magnetic memory detecting technology is based on the residual magnetic
fields (RMF) of the component or equipment local defect (such as crack) or stress
concentration area [4]. The ferromagnetic material forms an effective magnetic field
under the working load, the intensity of the magnetic field generated by the stress is:

Hσ = 3σ

2μ0

(
∂λ

∂M

)
(29.1)

In the formula, μ0 is the space permeability, M is the magnetization; λ is the
expansion coefficient [5] and σ is the stress.

The principle of themetal magnetic memory detection technology is essentially to
pick up the leakage magnetic fields information from the superficies of the ferromag-
netic member under the function of the geomagnetic field. In the stress concentration
region, the inherent form of leakage magnetic field appears, that is, tangentialHp (x)
has maximum value, normal Hp (y) has null point and large gradient value (K = d
HP(y)/dy), as illustrated in Fig. 29.1.

29.3 ANSYS Model Simulation Analysis

“ANSYS” is an engineering simulation and 3D design software tool. For the sake of
research the effect of different vibrance characteristics on the magnetic signal of the
specimen, combined with the actual operation of the train, the finite element analysis
software “ANSYS” is used. The sequential coupling method is used to carry out the
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finite element modeling. The model parameters: length 195 mm, width 50 mm, and
height 1.5 mm.

In the transient dynamics simulationwith timehistory, firstly, a 50Hz sine function
is applied to the model surface and the vibrance time history is set as 4000, 6000 and
8000 h, respectively. A magnetic field intensity of 39.8 A/m is applied in the Z-axis
direction of the reconstructed model. After calculation, the distribute of magnetic
field intensity under the joint load of three vibration times and magnetic field is
obtained, as illustrated in Fig. 29.2.

The number in Fig. 29.2 represents the value of magnetic field intensity. From the
figure above, it can be found that there is obvious change of magnetic field intensity
signal in the middle edge area of the simulation model. This change trend is in line
with the change law that the stress in the middle of the vibration test plate increases
first. In order to conveniently observe the change trend of magnetic memory signal,
we extract the characteristic value of magnetic field intensity signal in the figure
above, as shown in Table 29.1

As shown in Table 29.1, when the vibrance rate remains unchanged, the magnetic
signal of themodel changes regularlywith the changeof the vibrance time. From4000
to 8000 h, the tangential mean value of the magnetic signal is reduced from−343.3.3
to −810.4 A/m, and the difference between the maximum and minimum values is
increased from 769.72 to 1544.37 A/m; the normal tangential mean increases from
191.5 to 785.8 A/m, and the difference from 450.32 A/m Increase to 2074.04 A/m.
The abovedata changes show that the samevibration frequency anddifferent vibrance
time have an impact on both the tangential value and the normal value of themagnetic
signal, and the tangential and normal show opposite trends in the mean value. It can

Fig. 29.2 Vibration simulation results

Table 29.1 50 Hz simulation signal value

Component
direction

Time (h) Maximum
(A/m)

Minimum
(A/m)

Difference
(A/m)

Mean (A/m) Variance
(A/m)

Tangential 4000 20.22 −749.5 769.72 −343.3 8.03e5

6000 95.30 −843.05 938.35 −346.3 8.92e5

8000 −74.72 −1619.1 1544.37 −810.4 2.22e6

Normal 4000 −58.86 −509.19 450.32 191.5 6.33e5

6000 467.21 −627.76 1094.97 228.07 5.49e5

8000 1735 −339.04 2074.04 785.8 3.85e6
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Fig. 29.3 25CrMo4 alloy
structural steel specimen size

be seen from the change of variance that as time increases, the signal convergence
degree of the tangential component of the magnetic signal of the test piece increases
significantly, indicating that the influence of external interference signals gradually
decreases alongwith the vibrance time increases. The normal component ofmagnetic
signal also shows the same changing law.

The above phenomenon shows that while keeping other variables constant,
changing the vibration time has a certain effect on the metal magnetic memory
signal. The variation law can be used to evaluate the vibration magnetic properties
of specimens based on metal magnetic memory parameters.

29.4 Vibration Experiment

29.4.1 Experimental Materials

Themetalmaterial used in the test is 25CrMo4 alloy structural steel of the samemodel
as the CRH3wheel set material. The dimensions of the plate shown in Fig. 29.3 (unit:
mm).

29.4.2 Experimental Data Collection

This experiment uses a vibration exciter to apply vibration to the demagnetized
specimen. Magnetic memory detector was used to detect the magnetic signal of the
vibrance specimen along the regular direction, and the basic data was read and saved
after the test. Figure 29.4 shows the experimental equipment.

29.4.3 Data Processing and Analysis

According to the principle of accelerated vibration, the test time is reduced by
magnify the vibrance acceleration and vibrance frequency. The magnetic signal of
the specimen with vibrance frequency of 50 Hz and vibration time of 4000, 6000 and
8000 h is analyzed, and the change of tangential value and normal value of magnetic
signal on a certain path is analyzed.
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Fig. 29.4 Vibrance test equipment and collection instruments

Figures 29.5 and 29.6 show the magnetic field distribution in diverse vibrance
periods in the frequency of 50 Hz.

The characteristic quantity of the signal is extracted, and its numerical character-
istic under different vibrance characteristics is shown in Table 29.2.

According to Figs. 29.5, 29.6 and Table 3, during 4000–8000 h, the tangential
mean value of the magnetic signal is −75.26 A/m changes to −57.69 A/m, the
difference between the maximum and minimum is increased from 243 to 347 A/m;
the average value changed from 21.04 to 20.03 A/m, the change was not obvious, and
the difference increased from 52 to 104 A/m. Both tangential and normal variances
gradually increase along with the raise of vibrance frequency, indicating that the
influence of external interference signals gradually reduce along with the increase
of vibrance time, which is uniformity with the above simulation results.

The above phenomenon shows that while keeping other variables constant,
changing the vibration time has a certain effect on the metal magnetic memory
signal.

Fig. 29.5 Tangential component
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Fig. 29.6 Normal component

Table 29.2 50 Hz test signal value

Component
direction

Time (h) Maximum
(A/m)

Minimum
(A/m)

Difference
(A/m)

Mean (A/m) Variance
(A/m)

Tangential 4000 66 −168 234 −75.26 6.47e3

6000 73 −200 273 −71.9 8.4e3

8000 114 −233 347 −57.69 1.44e4

Normal 4000 38 −14 52 21.04 2.35e2

6000 35 −44 79 15.64 4.14e2

8000 46 −58 104 20.03 7.87e2

29.5 Conclusion

Through the simulation and experimental analysis of high-speed rail wheel set mate-
rial, the general variation law of magnetic signal with vibration characteristics is
obtained.

(1) Through ANSYS simulation, between 4000 and 8000 h, the average value
of the magnetic signal is reduced from −343.3.3 to −810.4 A/m, the differ-
ence between the maximum and minimum values is increased from 769.72
to 1544.37; the mean value of the normal component changes from 21.04
to 20.03 A/m. The phenomenon shows that while keeping other variables
constant, changing the vibration time has a certain effect on the metal magnetic
memory signal.

(2) Through the comparison of simulation and test, the simulation signal and test
signal have the identical variety trend with the variety of vibration characteris-
tics, which verifies the above rules. It has a certain scientific research value for
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the application of magnetic memory detection technology in the reality wheel
set vibrance state detection.
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Chapter 30
Establishment of Curriculum Evaluation
System Based on OBE Concept
and Employment Oriented

Lei Wang

Abstract At present, the education concept based on OBE mode and the teaching
mode construction of promoting students’ employment through curriculum learning
aremore andmore recognized and implemented. How to achieve effective evaluation
in the process of curriculum construction, so as to achieve the expected goal, is a
problem that university teachers have been discussing. Taking the course of network
cabling and testing as an example, this paper introduces how to integrate the concept
of OBE and the demand of post talents into classroom teaching, puts forward four
evaluation methods, and introduces a variety of evaluation methods so as to provide
the basis for judging students’ real learning results.

30.1 Introduction

The concept of outcomes-based education (OBE) is a kind of educational model
based on learning outcomes [1]. The education ofOBEconceptmainly solves five key
problems: what are the corresponding learning achievements expected of students,
why they need to achieve these achievements, how to help students to achieve these
achievements, how to understand that students have achieved achievements, and
how to ensure that students can obtain effective results. These problems should
consider the evaluation system, learning objectives, learning process, social needs,
and improvement measures [2]. Combined with the characteristics of application-
oriented curriculum, the OBE education concept is combined with the application-
oriented curriculum evaluation, and a learning effect-oriented curriculum evaluation
system is established to give full play to the development and construction functions
of the evaluation system.

In addition, "the decision of the State Council on accelerating the development of
modern vocational education" clearly pointed out: to accelerate the development
of modern vocational education to "promote employment oriented." Curriculum
is the carrier of education. Modern vocational education oriented by promoting
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employment needs to be realized by promoting employment-oriented curriculum
[3].

Network cabling and testing course is an independent experimental course. In
the course design, it takes the post demand as the construction goal, introduces the
OBE teachingmode to evaluate the students’ learning results by teaching production,
and evaluate the students’ learning effect in the whole process through a variety of
evaluation methods so as to achieve the expected effect of the course.

30.2 Establishment of Curriculum Objectives

Curriculum objectives are the core and key of the curriculum. Only when the reason-
able and feasible curriculum objectives are defined can we achieve them. In the
process of curriculum objectives construction, we should first consider the school
running orientation of the school, understand the school-level talent training objec-
tives, and need to integrate the ideological and political content into the curriculum
construction. It is necessary to combine the knowledge goal, ability goal, quality
goal, and education goal organically, and need to meet the talent demand of the
standard industry enterprise, train the personnel for the enterprise, through the in-
depth cooperation between the school and the enterprise, and jointly compile the
curriculum objective with the experts of the enterprise. In addition, the curriculum
objectives must also have a certain high-level, requiring students to highlight their
own innovation and increase the challenge of the course through personal research
on the basis of curriculum learning.

The network wiring and testing course combines the University’s goal of culti-
vating application-oriented undergraduate talents, combined with enterprise experts,
analyzes the post ability requirements according to the needs of industry post talents,
integrates the knowledge points of the course, integrates the concept of professional
ethics and professional ethics in the process of Ideological and political education
into the course, enhances students’ Ideological and political awareness, and provides
final work support for students.

30.3 Description of Evaluation System

The purpose of evaluation is to test students’ learning achievements. In the past, the
evaluation methods were one time and summative activities at the end of teaching.
The purpose of evaluation is to judge the learning results. However, the evaluation
of courses under OBE teaching mode pays more attention to the learning effect of
students. After learning this course, whether the students canmeet the needs of future
jobs. According to the basic requirements of the general secretary of internship on
who, how, and for whom to train people, we should establish a reasonable evaluation
system, introduce a variety of evaluation methods, and adopt the whole life cycle
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evaluation method. From the beginning of students’ course learning, to the examina-
tion of learning effect in the course teaching process, to the comprehensive evaluation
at the end of the course, and to the courses in the subsequent graduation internship
knowledge tracking research. From the whole process of continuous evaluation of
students’ learning effectiveness, truly achieve the construction of process evaluation
system.

Taking online and offline teaching as an example, the integration of online and
offline assessment, taking online and offline teaching as an example, and taking
online and offline assessment as an example, the integrated assessment system is
formed. In the course, 1 + X are: 1 accounts for 40% of the total score, which is
mainly the final written examination. The main assessment is the knowledge objec-
tives of students. During the course teaching, 66 knowledge points involved in the
course will be explained. Students are required to fully master these basic knowledge
points. X1 is the operation assessment, accounting for 20% of the total score, that is,
the assessment of students’ ability objectives. The curriculum integrates the ability
objectives students are required to complete four operation assessment contents.
Through the assessment, students are required to master all kinds of operation skills.
X2 is the course analysis report and online learning, accounting for 20% of the total
score, that is, to assess the achievement degree of students’ quality objectives. Under
the premise of classroom learning, students are required to complete the research
report on the cutting-edge technology of the course through self-study, extracurric-
ular investigation and innovation. Combined with Superstar platform to complete the
online learning, online homework, and online examination content. X3 is the course
experiment report, accounting for 20% of the total score, to evaluate students’ partic-
ipation in the daily experiment process and provide the basis for the realization of
process evaluation.

30.4 Description of Evaluation Methods

The establishment of evaluation system is based on various evaluationmethods. Only
by using diversified evaluationmethods and evaluating students’ learning effect from
multi-dimensional can we reflect the teaching effect and students’ learning effect
most truly.

To establish a correct evaluation concept, what kind of students can be regarded as
achieving the course learning objectives, and how to correctly evaluate the students’
learning effectiveness will be the key to the curriculum evaluation system considered
by teachers. Teachers should comprehensively evaluate students’ learning effects
from all aspects, and the evaluation methods should adopt various ways so as to
achieve a fair and more efficient evaluation system. Taking the network cabling
and testing course as an example, the evaluation methods included in the course
include teacher evaluation, student mutual evaluation, off campus part-time teacher
evaluation, employer internship evaluation, etc. Teacher evaluation refers to the
teacher according to the curriculum objectives, combined with the actual situation
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of students, through various means of curriculum evaluation, including arranging
online homework, online examination, offline operation experiment, Offline oper-
ation examination, experimental report submission, course analysis report submis-
sion, etc., through the way of quantitative evaluation to evaluate the overall course.
Students’ mutual evaluation refers to the self-evaluation of students by using the
method of students’ mutual evaluation in some curriculum arrangements. Through
self-evaluation, students can supervise and encourage each other, find problems in
the teaching process together and reflect problems from the perspective of students so
as to further improve the teaching level. The third evaluationmethod is the evaluation
of part-time teachers outside the school. The final source of students is employment,
which is to move to enterprise posts. Therefore, the evaluation of enterprises is very
important. In the course, part-time teachers fromenterpriseswill be introduced to give
lectures for students, and corresponding evaluation scores will be given according to
the feedback of enterprises. Through the introduction of enterprise experts, students
can learn from the perspective of enterprise talent demand evaluation of effective-
ness. The fourth evaluation method is the employer’s internship evaluation. After the
course is completed, the students will still track the students’ learning situation after
they go to the enterprise to participate in the employment practice so as to further
understand whether the course learning content can meet the demand in the actual
work post. Although it is beyond the course performance evaluation, it is helpful for
the course improvement.

The objective of curriculum evaluation is to evaluate students’ learning achieve-
ments, but from another perspective, it can also improve the curriculum objectives
and optimize an important environment of the subject system. From the formu-
lation of curriculum objectives to the operation of curriculum teaching, the final
evaluation of curriculum is carried out to realize a closed-loop operation. In this
closed-loop system, teaching contents are continuously optimized, teachingmethods
are improved, and teaching experience is condensed and to achieve the goal of
high-quality curriculum construction.

30.5 Conclusions

The construction of curriculum evaluation system is a gradual process, which is
a huge system engineering. It is constantly self-correcting and improving method.
According to the actual needs of talents in the industry and enterprises, the teaching
content is constantly optimized and the evaluation method is constantly improved.
According to the construction concept ofOBEand the construction goal of promoting
employment, the curriculum evaluation system can be really effective, guaranteeing
the goal of talent training and promote the common progress of teachers and students.
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Chapter 31
Research on Evaluation Method
of Transformer Operation State in Power
Supply System

Jiajian Wang, Hu Liu, Zhiqun Pan, Shinmin Zhao, Weilong Wang,
and Shen Geng

Abstract This paper studies the status evaluation of the power supply transformer in
operation. The combination of improved group analytic hierarchy process (IGAHP)
and index correlation method (CRITIC) is used to determine the weight of each eval-
uation factor. Based on the nature of the evaluation factor, an appropriatemembership
function is selected for matching then calculating the state of the transformer through
fuzzy comprehensive evaluation. This method is verified by an example in a trans-
former in a power supply section of the Shanghai Metro. The test result is close to
the actual situation. Has practical reference value.

31.1 Research Background

The research on the state assessment methods of subway traction power supply
system mainly includes the following. Literature [1] proposes a health assessment
method based on the principle ofmulti-layer immunity, which uses the characteristics
of biological immune mechanism to monitor and predict the power supply system.
This method uses the characteristics of biological immune mechanism to monitor
and predict the power supply system. The literature [2] gives the evaluation index of
the transformer and studies the weight of each index based on the CRITIC method.
Literature [3] proposes a reasonable model for the optimization of transformer main-
tenance. The above method considers the status and indicators of power transformers
in a reasonable and detailed manner, and the model is also more realistic. However,
for traction power supply transformers in operation, in addition to internal factors,
external environment and human factors cannot be ignored.
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31.2 Evaluation System of Transformers in Operation

31.2.1 Evaluation Indicators of Transformers in Operation

Influencing factors selection of traction transformers in operation. This article
analyzes the methods in various documents, combined with the opinions of experts
from traction power supply companies, and proposes that the factors that have a
greater impact on the operating status of traction transformers are mainly divided
into the following four categories. (A) Maintenance ability: testing, inspection, and
repair; (B) Equipment acquisition: cylinder, insulator, iron core, busbar, Buchholz
relay, transformer oil, and central grounding knife; (C) Characteristic parameters:
winding insulation resistance,windingDC resistance, dissolved gas content in the oil,
absorption ratio, winding dielectric loss tangent value, and polarization coefficient;
(D) Environment: humidity, temperature.

31.2.2 Weight Assignment

The weight assignment method of the classic analytic hierarchy process (AHP) is to
assign a reasonableweight based on expert experience and then conduct a consistency
test. This weight distribution method does not consider the differences between
different experts. For experts with different experiences, ages, and knowledge levels,
this difference can effectively reduce theweight distribution error and at the same time
carry the expert’s subjective knowledge. Therefore, this paper proposes an improved
analytic hierarchy process (IGAHP) subjective assignment model and an objective
assignment method based on the index correlation method (CRTTIC) to effectively
optimize the above problems and make the results closer to the true value [4].

Improved analytic hierarchy process (IGAHP) subjective weight assignment.
Suppose the similarity between the decision of the pth expert and the qth expert

is represented by dpq(p, q = 1, 2, . . . , T ) distance, then

dpq = d(Y (p),Y (q)) =
[

n∑
i=1

(y(p)
i − y(q)

i )2

]1/2

(31.1)

where Y (p) and Y (q) are the decision values of expert p and expert q, respectively,
and y(p)

i and y(q)

i are the decision values of expert p and expert q for the ith index,
respectively. The smaller the value of dpq , the smaller the disagreement between the
two experts.

Suppose the similarity between the tth expert and other experts’ decision-making
is denoted by dt , then:
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dt =
T∑
j=1

di j j = 1, 2, ..., T (31.2)

It can be seen that the final decision weight coefficient λi of the tth expert is
calculated as formulas (31.4) and (31.5):

λ1 = λ2 = · · · = λT = 1

T
,where dpq = 0 (31.3)

λt = 1/dt∑T
j=1 (1/d j )

,where dpq �= 0 (31.4)

In the formula, T is the total number of experts, the smaller dt means the smaller
the difference between the expert and other experts, and vice versa.

Suppose the final index weight vector Y = (y1, y2, ..., yn), then:

Y =
T∑
i=1

λt Y
(t) (31.5)

Objective weighting model is based on index correlation method (CRTTIC). The
objective weight assignment method uses the standard deviation of the data to reflect
the difference of factors, that is, the degree of variation, and uses the correlation
coefficient to express the correlation of different indicators, and then use the conflict
quantification formula to determine the degree of conflict between an indicator i and
other indicators. To quantify the degree of conflict between index i and other indexes,
the conflict quantification formula of index ri j can be obtained as:

ci =
n∑
j=1

(1 − ri j ) (31.6)

where ri j is the correlation coefficient between index i and index j, and its expression
is:

ri j =
∑m

k=1 (λik − λi )(λ jk − λ j )√∑m
k=1 (λik − λi )2

√∑m
k=1 (λ jk − λ j )2

(31.7)

where λik and λ jk are the normalized values of theK th object under the ith index and
the jth index, respectively, and λi and λ j are the mean values of index i and index j,
respectively.

Let Ci be the amount of information provided by index i, and its expression is:

Ci = σi ci (31.8)
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where σi =
√∑m

j=1 (λik − λi )2/(m − 1). The larger Ci is, the more information
provided by index i, and the greater the role in the evaluation process, so the weight
ωi of index i can be expressed as:

ωi = Ci/

n∑
i=1

Ci (31.9)

IGAHP-CRTTIC comprehensive weight. The comprehensive weight is the
coupling of the subjective weight and the objective weight, and the comprehensive
weight ω j of the evaluation index is calculated by the multiplicative normalization
method:

ω j = (α j · β j )/

m∑
j=1

(α j · β j ) (31.10)

where α j is the subjective weight of the jth index; β j is the objective weight of the jth
index;ω j is the comprehensive weight of the j-th index; n is the number of indexes.

31.3 Fuzzy Comprehensive Evaluation of Power Supply
System Substation

31.3.1 Fuzzy Evaluation Criteria

According to the overhaul regulations of the power supply company and the norma-
tive instructions of the equipment manufacturer, the evaluation of the traction trans-
former equipment status can be expressed in four levels, namely excellent, good,
medium, and poor.

31.3.2 Determination of Membership

The degree of membership refers to the degree to which the evaluation indicators fit
each evaluation level. After quantification processing, a certain value in [0,1] is used
as the degree of fit of a single factor to a certain evaluation level, 0 means the lowest
degree of fit, and 1 means the highest degree of fit.

Maintenance ability. The annual frequency of testing, inspection [5], and repair
is used as a quantitative description of the maintenance capability. 450 times are
the comprehensive daily inspections counted by the maintenance company. A value
lower than this value indicates that the equipment is in good operating condition.
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This value represents the decline in the operating state of the equipment, and its
degree of membership is:

U1(x) =
⎧⎨
⎩

1 (0 < x < 450)

450

x
(x ≥ 450)

(31.11)

Equipment acquisition. The timely supplement of core spare parts is directly
related to the long-term stable operation of the traction transformer. The storage
capacity of the core components of the transformer, such as the cylinder, insulator,
iron core, busbar, Buchholz relay, transformer oil, and grounding knife, is used as the
reference index of the membership degree of equipment acquisition. According to a
large amount of statistical analysis of data, when the storage of each core component
reaches 30% of the total, the supply requirements for spare parts are basically met,
and its membership function is:

U2(x) =
⎧⎨
⎩

x

0.3
(0 ≤ x < 0.3)

1 (x ≥ 0.3)
(31.12)

Characteristic parameters. Characteristic parameters are mainly used to reflect
the influence of the internal characteristic structure of the traction transformer on the
operating state. Representative parameters include winding insulation resistance,
winding DC resistance, winding dielectric loss tangent, dissolved gas content in oil,
absorption ratio, and polarization coefficient. Among them, the winding DC resis-
tance,winding insulation resistance,winding dielectric loss tangent value, absorption
ratio, and polarization coefficient satisfy the conditions for stable operation as≤ 4% ,
≥ 1 M�/kv, ≤ 2% , ≥ 1.3, and ≥ 1.5. The above-mentioned characteristic indexes
are related to each other. The DC resistance of the winding and the insulation resis-
tance of the winding directly affect the last three indexes. Therefore, the membership
models of the above indexes are similar, and the membership functions are:

U31 =
⎧⎨
⎩
1(0 ≤ x ≤ c1)
c1
x

(x > c1)
or U32 =

⎧⎨
⎩

x

c2
(0 ≤ x < c2)

1 (x ≥ c2)
(31.13)

In formula (31.13), when describing the winding DC resistance, c1 = 4; when
describing the winding dielectric loss tangent value, c1 = 2; when describing the
winding insulation resistance, c2 = 1; when describing the winding dielectric loss
tangent value, c2 = 1.3; When describing the polarization coefficient, c2 = 1.5.
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31.3.3 Fuzzy Comprehensive Evaluation

According to the comprehensive weight set and the membership degree set of the
evaluation index in Sect. 31.2, the fuzzy comprehensive evaluation [6] is obtained
through vector operations:

B = ω · R (31.14)

31.4 Engineering Case

Taking a traction transformer in operation at a station in the Shanghai Metro traction
power supply system as an example, the affiliation of each layer index is shown in
Table 31.1. Judge the condition of the transformer.

Table 31.1 Index weights and membership degrees of each layer

Target layer Evaluation
layer/weight

Index layer/weight Parameter

Transformer status Maintenance
ability/0.343

Testing/0.355 275

Inspection/0.305 98

Repair/0.34 177

Equipment
acquisition/0.145

Cylinder/0.1 0.255

Insulator/0.1 0.255

Iron core/0.2 0.195

Busbar/0.1 0.255

Buchholz relay/0.1 0.24

Transformer oil/0.2 0.255

Center grounding knife/0.2 0.27

Characteristic
parameters/0.342

Winding insulation
resistance/0.150

0.9

Winding DC resistance/0.150 4.4

Dissolved gas content in
oil/0.201

0.075

Absorption ratio/0.177 0.7

Tangent of winding dielectric
loss angle/0.103

0.97

Polarization coefficient/0.219 1.2

Environment/0.170 Temperature/0.449 36.75

Humidity/0.551 84.5
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Take the two-level index under the maintenance capability as an example.
The index weight has been given by formulas (31.1)–(31.10), and the degree of
membership is calculated by formula (31.11) as shown in Table 31.1.

Weight matrix

ω21 = [
0.355 0.305 0.34

]

Membership matrix

R21 =
⎡
⎣ 0.15

0.75
0.7
0.25

0.15 0.45

0.15
0
0.3

0
0
0.1

⎤
⎦

According to formula (31.7), the state evaluation of the upper layer can be obtained

B21 = [
0.333 0.478 0.155 0.034

]
In the same way, the state evaluation matrix of all indicators at the same level

can be obtained. Through formula (31.11), the final evaluation state matrix can
be obtained as B = [

0.459 0.463 0.021 0.057
]
. According to the principle of

maximum membership, the status of the traction transformer in operation should
be “good.” The result is consistent with the actual evaluation result, which shows
that the method is suitable for the evaluation of traction transformers in camp, and
the results are scientific and reliable.

31.5 Summary and Outlook

Based on the characteristics of the traction transformer in the camp, this paper
proposes an evaluation model with system characteristics, expands the multi-
element evaluation index, and explores the membership function for some indexes at
different levels, which provides a reference method for the research of other indexes.
Combining specific engineering data, the calculation between levels is described in
detail. The calculation results are similar to the actual situation, indicating that the
method is practical, and the evaluation method and model have good adaptability.
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Chapter 32
Electrochemical Numerical Simulation
of Atmospheric Corrosion Sensors
Covered by Thin Liquid Film

Tingting Wang, Xiao Wei, Daiming Yang, and Yating Wang

Abstract To study the performance of atmospheric corrosion, amathematicalmodel
of galvanic corrosion under equilibrium state was established, and the Tafel formula
was used to describe the relationship between electrode overpotential and current
density. Based on a galvanic corrosion sensor with a multilayer structure, the param-
eters of its simulation model were set and the electrochemical numerical simula-
tion was carried out. The results showed that the corrosion current density was not
uniformly distributed, the electrode potential was higher at the junction of anode and
cathode, and the corrosion current was larger. Covered with thin liquid film, oxygen
diffusion was the main factor limiting the corrosion rate. With the increase of the
solution conductivity, the electrode potential and current density both increased and
tended to be stable slowly. The simulation could be contributed to optimization of
corrosion protection for smart wireless communication devices.

32.1 Introduction

Smart wireless communication devices are sensitive to components corrosion when
exposed in the atmosphere. The atmospheric environment corrosivity is an extremely
important issue in device life estimation andmaintenance control.As factors affecting
metal corrosion in atmospheric environment, temperature, humidity, rainfall, salt
particles in the air, corrosive gases, etc., can be related to corrosion. Atmospheric
corrosion sensor is a terminal to obtain metal corrosion rate under the action of
multiple factors [1–5]. The sensor tracks themicrocurrent signalwhich is transferring
from the metal during the corrosion process and evaluates the corrosion rate. The
integral of the corrosion current with respect to time leads to the amount of corrosion
charge, which indicates the corrosion degree of the metal.

T. Wang · X. Wei
Electric Power Research Institute, China Southern Power Grid, Guangzhou, China

D. Yang (B) · Y. Wang
School of Construction and Engineering, Shenzhen Polytechnic School, Shenzhen, China
e-mail: yangdaiming@szpt.edu.cn

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
L. C. Jain et al. (eds.), Wireless Technology, Intelligent Network Technologies, Smart
Services and Applications, Smart Innovation, Systems and Technologies 258,
https://doi.org/10.1007/978-981-16-5168-7_32

257

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5168-7_32&domain=pdf
mailto:yangdaiming@szpt.edu.cn
https://doi.org/10.1007/978-981-16-5168-7_32


258 T. Wang et al.

Galvanic cell-based corrosion sensors were proposed in 1986 and applied in auto-
mobile industry, electric power industry and other fields. In the literature, many
scholars have proposed corrosion sensors with different structures and parameters,
while the characteristics did not compare for optimization. In fact, no one has
compared any two sensors with different structures or parameters. The compara-
tive test is costly and time-consuming. A better method is to obtain the performance
parameters of different sensors through theoretical analysis.With the development of
simulation technology, the effect of different parameters canbeobtainedbynumerical
calculation.

In this paper, an atmospheric corrosion sensor with an iron anode and a gold
cathode is developed for electrochemical numerical simulation. The steady state
model of galvanic corrosion is established. With the aid of COMSOL, the numerical
simulation of the corrosion behavior of the sensor is conducted, combined with
the prototype experiment for verification. The simulation process is meaningful for
sensor selection and parameter optimization.

32.2 Principle of Galvanic Corrosion

The working principle of the sensor is galvanic corrosion on the anode surface in
electrolyte, which can be used for electrochemical numerical simulation. Compared
with the charged ions in the electrolyte, the corrosion current in equilibrium state
is smaller, so it can be assumed that the conductivity of the electrolyte is constant.
According to Ohm’s law, the current density, conductivity and potential gradient
form the following equation:

il = −σl∇ϕl (32.1)

where il is the electrolyte current density, expressed as vector, and the unit is A/m
2;

σ l is the electrolyte conductivity, the unit is S/m;∇ϕl to potential gradient, unit V/m.
When the electrochemical reaction keeps stable, that is, the current density at each

point remains constant, and equation can be evaluated as follows:

∇il = 0 (32.2)

The liquid film is thin, the vertical current of electrolyte is approximately equal to
0, the current density can be simplified as a two-dimensional distribution on themetal
surface, and a thin shell without thickness is established on the electrode surface to
simulate the current distribution. The current change in the vertical direction of the
thin shell structure is ignored, and only the conduction of tangential ion current along
the surface is considered. Equation (32.2) can be written as:
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σl

(
∂2ϕl

∂x2
+ ∂2ϕl

∂y2

)
= 0 (32.3)

On the electrode surface, the direction of electrolyte current is perpendicular to
the electrode. The boundary conditions of current distribution are as follows:

n · il =
∑

im (32.4)

In the formula, im is the small reactive current density on the local electrode
surface.

The current distribution boundary conditions outside the electrode surface are as
follows:

n · il = 0 (32.5)

For the oxidation reaction on the surface of metal iron, the chemical reaction is
iron corrosion from Fe to Fe2+, where the standard potential of iron is E�Fe/Fe2+

= −0.409 V. The oxidation current density of iron was described according to the
anodic reaction part of Tafel expression [6]:

iFe = Ia0 exp

(
ηa

βaa

)
(32.6)

where Ia0 is the exchange current density of the anode phase, βaa is the Tafel slope
of the anodic reaction, and ηa is the anode overpotential.

For the reduction reaction of oxygen on the surface of the gold-plated layer, the
chemical reaction is changing O2 and H2O to OH−, where the standard potential of
oxygen is E�OH−/O2 = 0.401 V. According to the cathode reaction part of Tafel
expression, the current density of oxygen reduction reaction is described:

iO2 = −Ic0 exp

(
ηc

βcc

)
(32.7)

where Ic0 is the exchange current density of the cathode phase, βcc is the Tafel slope
of the cathodic reaction of the cathode phase, and ηc is the cathode overpotential.

32.3 Simulation Model Parameters

The electrochemical simulation model is consistent with the actual sensor as shown
in Fig. 32.1.

Due to the gold-plated layer of the sensor is only 35 µm, the size of the sensor
differs by more than a thousand times from the length (50 mm) of the sensor. In order
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Fig. 32.1 Electrochemical simulation model of corrosion sensor

to facilitate grid division for simulation, the thickness of the gold-plating layer was
increased to 0.6 mm. Simulation parameters of the model are set as follows (Table
32.1):

The electrochemical corrosion process of atmospheric corrosion sensor was
simulated by using COMSOL Multiphysics.

Table 32.1 Parameters of electrochemical simulation model of corrosion sensor

Name Symbol Unit Value

Equilibrium potential of gold EAu V 1.498

Equilibrium potential of iron EFe V −0.409

Equilibrium potential of oxygen EO2 V 0.401

The exchange current density of gold oxidation IAu A/m2 10–4

The exchange current density of iron oxidation IFe A/m2 10–4

The exchange current density of oxygen reduction on the surface of
gold

IO2_Au A/m2 10–3

The exchange current density of oxygen reduction on the surface of
iron

IO2_Fe A/m2 10–6

Taffel slope for gold oxidation βAu V 0.1

The Tarfel slope for iron oxidation βFe V 0.1

Tarfel slope of oxygen reduction on the gold surface βO2_Au V −0.1

Tarfel slope of reduction of oxygen on iron surface βO2_Fe V −0.1

Solution conductivity δ S/m 0.1

The thickness of liquid film d m 10–3

Oxygen concentration at the boundary of the liquid film cO2 mol/m3 0.2

The diffusion coefficient of oxygen DO2 m2/s 10–7
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32.4 Simulation Results

The interface electrode potential, current density and oxygen concentration distri-
bution on the electrode surface are obtained through simulation, as shown in
Fig. 32.2.

In Fig. 32.2a, the potential of the iron electrode is within the range of 0.06–0.09 V,
and the positive shift from equilibrium potential is more than 0.4 V. Compared with
a single iron electrode, the corrosion rate of the iron-gold galvanic couple increases
significantly, which is caused by the higher potential of the gold electrode interface.
On the surface of the iron electrode, the electrode potential at the edge of the groove
near the gold electrode is higher than that at the middle part far away from the gold
electrode. At the same time, the electrode potential of the gold electrode surface near
the trough is lower than that far away from the trough, indicating that the corrosion
reaction is fastest at the junction of the iron electrode and the gold electrode.

For the interface current density in Fig. 32.2b, the fastest corrosion rate of iron is
located at the two ends of the trough, indicating here. The main reason is that when
the liquid film is thick (1 mm), the couple corrosion velocity is mainly limited by
the cathode oxygen diffusion velocity. At both ends of the slot, the cathode semi-
surrounds the anode, with a large area ratio between the cathode and the anode, and
sufficient oxygen promotes the development of the couple corrosion. In fact, when
exposed to air, corrosion occurs randomly in each slot, but the corrosion at the edge
and corner is more obvious, as shown in Fig. 32.2d.

In Fig. 32.2c, the oxygen concentration on the surface of iron electrode is close
to constant value, which indicates that the cathode reaction speed on the surface of
iron is slow. The area between anode and cathode is larger than that between anode
and cathode, and oxygen consumption is faster.

The influence of solution conductivity on electrode potential and current density
was studied. The short and long axes of a single slot in the positive center were taken
as objects. Draw the curve of electrode potential and current density at the edge and
center of the short axis and the long axis, as shown in Fig. 32.3.

b c da

Fig. 32.2 Distribution of electrode potential (a), current density (b), oxygen concentration (c) and
experiment results of atmospheric corrosion sensor
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Fig. 32.3 Distribution of electrode potential (a), current density (b) and oxygen concentration
(c) of atmospheric corrosion sensor

The electrode potential and current density at the edge of the short axis, the edge
of the long axis and the center of the axis all showed a nonlinear increase with the
increase of the solution conductivity, and the rate of increase gradually decreased.
The relationship between solution conductivity and measured position and electrode
potential and current density in galvanic couple corrosion was verified. Experiment
results verified the nonlinear relationship between the corrosion current density and
the solution conductivity.

32.5 Conclusion

The electrochemical numerical simulation analysis of the laminated galvanic corro-
sion sensor shows that the corrosion current density is nonuniform distribution, the
electrode potential at the junction of anode and cathode is high, and the corrosion
current is large; under the cover of thin liquid film, oxygen diffusion is themain factor
limiting the corrosion rate; with the increase of solution conductivity, the electrode
potential and current density continue to rise and slowly tend to be stable. Elec-
trochemical numerical simulation technology can be used to optimize the structure
and parameters of sensors for corrosion detection of smart wireless communication
devices.
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Chapter 33
Analysis of Daily Public Relations in Art
Colleges in the New Media Environment

Wen Jie Xu and Shui Jin

Abstract Under the new media environment, the way of information dissemination
is becoming more convenient and faster, and it may only take a few seconds from
the occurrence of an event to letting the world know. No organization or institution
can be separated from the network of information dissemination. As a place for
cultivating talents, colleges and universities also face the problem of disseminating
information to the outside world and the need for daily public relations. This article
takes art colleges as an entry point and explores how to conduct public relations
activities through the communication characteristics of new media and the public
opinion environment of art colleges. There is the particularity of the environment
for cultivating talents in art disciplines. Therefore, when conducting public relations
activities, it is necessary to comprehensively use public relations principles, andwhen
necessary, in combination with crisis public relations, in order to better maintain the
campus image.

33.1 Introduction

Colleges and universities are places for training talents and art colleges and univer-
sities train art talents in a targeted manner. Such special institutions often focus on
student teaching and administrative management. The campus already has a very
complete operating mechanism, which can be said to be well-organized. However,
it ignores the continuous attention to external evaluations as much as companies
and governments and does not pay attention to and participate in daily public rela-
tions activities. Therefore, in addition to attracting enough attention from the outside
world during the enrolment and employment season, the outside world can only
learn about the school through personal identities such as alumni, current students
or faculty, without a comprehensive understanding.

Judging from the current domestic research literature, most of the research on
public relations activities is based on enterprises and governments, and there is very
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little mention of public relations activities in colleges and universities, and there is
no special research on public relations activities in art colleges; secondly, research
on public relations activities. It also focuses on crisis public relations, and the under-
standing of daily public relations only stays in the admissions promotion. The main
reasons for the crisis incidents on campus are as follows: First, the composition of
the members on campus is complicated, and conflicts between groups and within
groups are prone to occur, and improper handling can lead to further escalation of
conflicts; second, crisis awareness relatively indifferent, not deeply aware of the
power of public opinion, thinking that all incidents that occur in the school have
little to do with the outside world, so they did not pay attention to seizing the media’s
right to speak; third, the solution to the problem is relatively simple, and what the
campus administrators can solve is solved by the administrators themselves through
prescribed method, and the law can be judged if the problem cannot be solved. This
phenomenon of emphasizing the law rather than public relations is widespread. The
author believes that communication is the best way to resolve contradictions. Often,
the outbreak of contradictions is that small daily problems are not communicated
reasonably and accumulated to a certain threshold and burst out collectively. In addi-
tion, the school does not have a special public relations department to handle these.
The problem is the part-time responsibility of the counselor or administrative teacher,
so this article will discuss it.

33.2 The Characteristics of Information Dissemination
in the New Media Era

33.2.1 There Are Many Communication Channels and More
Comprehensive Coverage

In the past, people wanted to get news and information from newspapers, radio, tele-
vision and other mass media. Nowadays, with the rapid development of the Internet
and mobile devices, people communications services are no longer limited to getting
information from the mass media, but also on news webpages, hot searches on
Weibo, window pushes, WeChat official accounts, video websites, mobile clients,
etc. Get information on similar mobile applications. According to the characteris-
tics of media communication, these channels can report on the same incident from
different aspects so that the incident can be known to people in amore comprehensive
or three-dimensional manner, and it is possible to dig deeper.
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33.2.2 Information Spreads Quickly but Quality Varies

Since the mass media have strict review systems before release or broadcast, editing,
processing, proofreading, typesetting, or scheduling, it takes a certain amount of time
for news to be communicated from the publisher to the receiver. However, the current
multi-channel new media has to some extent made up for the lack of timeliness of
the mass media in the past. Once an incident occurs, it will spread to all corners of
the world through the Internet. Nevertheless, due to the lack of strict supervision, the
news literacy of the information publisher and the influence of subjective factors, and
even some interest-driven reports, there may be certain deviations or distortions or
exaggerations in the reporting of the event [1]. For example, in Thailand’s warning
short film “Use Wisdom to See Those Unseen Things,” a video of a rent-collecting
wife “bullying” a vendor is on the Internet. The middle-aged women who seem to
be very strong, full of air and aggressive tone are the managers of this market. In
front of a pork stall, I had a dispute with the vendor, and later directly threw the
vendor’s weighing scale to the ground and smashed it. This scene happened to be
recorded by someone who was interested and accompanied by the text: “The market
proprietor bullies the vendor.” Put it on the website to spread. The fact is that the
merchant’s scale was manipulated by the merchant himself. After the rent-collector
discovered the short-suffering behavior, the scene in the video appeared onlywhen he
refused to correct it. In the recent period, China’s epidemic prevention and control has
achieved a staged victory, and the country has shifted from comprehensive prevention
and control to a normalized prevention and control stage of resuming work and
production. In contrast, politicians in the United States of America headed by Trump
are driven by the party and government. And the interests of the consortium not only
do not organize all available forces to focus on treatment, but also sacrifice the lives
and properties ofmillions of people in theUnited States ofAmerica.At the same time,
in order to divert attention from the rising unemployment rate in the United States
of America and the racial discrimination and even complaints caused by the recent
death of a black man by a white policeman, China has been frequently criticized. All
these are the disadvantages of information communication in the new media era.

33.2.3 New Media is Highly Interactive

In the past, people only acted as receivers of information, receiving information
solely from the mass media, which is often referred to as “audience.” Nowadays, in
the Internet age, we can participate in the spread of events in news websites, forum
posts, Weibo posts, WeChat comments, etc., and role exchanges become senders or
transmitters of information. In the process of real-time interaction and exchanges
and discussions with others, the efficiency of information dissemination will be
accelerated. In addition, everyone only uses the information they obtain to process
and publish opinions, forming a certain public opinion force. This public opinion
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force is invisible and intangible, but in many cases, it has a reaction to the event itself,
thereby promoting the development and direction of the event, and even affecting
the final result of the event [2]. Let’s talk about the above example: people only see
the brutal behavior of market bosses treating dishonest operators through videos,
but the value of people cannot be the only basis for judgment based on the pictures
they see. This is not the truth of the matter regardless of whether the photographer
did it intentionally or unintentionally, but people who saw this video usually think
that the offending party is the charterer rather than the vendor, which leads to public
opinion accusing the charterer of leaning on one side and launching a campaign on the
Internet. If themarket no longer patronizes themarket’s activities, putting it in real life
is likely to cause poormanagement or evenbankruptcy due to public opinion pressure.

33.3 Analysis of the Particularity of Art Colleges
and Public Opinion Environment

33.3.1 The Competition for Art Admissions Examinations is
Fierce, and the News About Negative Events
on Campus is Highly Topical

As institutions of higher learning, art schools have the three major functions of
cultivating talents, developing science and technology, and serving the society. But
different from ordinary colleges and universities, the source of enrollment of art
colleges is mainly through the art entrance examination or school examination,
which has greater autonomy, and promotes teaching and education activities by
cultivating artistic talents [3]. The purpose is to prosper advanced socialist culture
and provide motivation to cultivate high-quality artistic aesthetics. Ordinary colleges
and art colleges are both related and different. Only by grasping the characteristics
of students in art colleges can we maintain the operation management and public
relations activities of this special organization.

As a matter of public concern, education has always been the focus of people’s
livelihood issues. Students in colleges and universities are the future pillars of the
motherland and the pride of the family, and many of them are artistic talents. Due
to the different educational methods, most of the training of art colleges respects
small and sophisticated educational concepts. However, with the improvement of
people’s material living standards, spiritual needs also need to be greatly satisfied.
This is reflected in the study, and more students will choose to study art to enhance
their aesthetic ability and vision, which makes the competition increasingly fierce.
In the process of fierce competition, if someone wins the exam with an improper
relationship, the natural stakeholders will hit like a flood, forming a butterfly effect.
Recently, an artist surnamed Tong announced the news in a live broadcast, saying that
he was not a fresh student in the college entrance examination that year, and that the
college that applied for the exam that year had a regulation that only recruited fresh
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students and tampered with the files privately. Although he did not get admitted to
the school he likes, it caused an uproar on the Internet. Regardless of the legal aspect,
this has caused serious damage to the image of the Ministry of Education and the
university he graduated from the perspective of public relations activities. In campus
management, the words and deeds of professors and teachers have also become
representatives of the campus. Once the publication is biased or does something
contrary to social common sense, it will become a hot event once it breaks out [4].

33.3.2 Weak Control of Universities in Public Opinion

Compared with news newspapers, TV programs, commercial advertisements and
other media, in addition to the annual art entrance examination, art schools can be
used for display channels such as official websites, campusWeibo andWeChat public
accounts. The attention of both the platform and the platform is very limited, and
the target audience is usually examinees and parents, school students, alumni and
faculty. Most people in society do not pay attention to the daily publicity of the
school. For example, a press release published on the press center of the Propaganda
Department of the campus official website on the theme of the 70th Anniversary
of the National Day by the Beijing Institute of Fashion Technology was read only
238 times. In contrast, 5 days later, a video of the same content on CCTV News
Weibo was viewed 4.43 million times. It can be seen that, in contrast to the discourse
power of university propaganda and mainstream media, the ability of public opinion
propaganda and public opinion monitoring is weak.

33.3.3 Art School Students Are More Individualistic

As the main body of the dissemination content, college students have the following
characteristics: First, their self-awareness has gradually increased, and the manage-
ment of teachers and the school is no longer a simple obedience, and they have begun
to have independent thinking. This is also an era of “everyone is from the media.”
For dissatisfaction with some regulations or penalties, students often use the media
to vent or seek help, and some even impose it on the school with the attitude of
“making a big fuss, endless” pressure to achieve the desired results. Secondly, due to
the immature mentality of college students, most of them are emotionally dominated
in the process of viewing or handling incidents, and the comprehensive assessment
of the incidents involved and the poor predictability of the consequences are often
involved in more than individuals, and they are more loyal. Students will also help
the bullied friend to vent their anger, leading to a mass incident. In addition, most of
the art students’ professional research makes the training characteristics focus on the
pursuit of uniqueness and innovation, and occasionally show a certain rebellion and
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personality [5]. For the school, it is impossible to copy the management methods of
ordinary universities to impose strict requirements on students.

33.3.4 During the Student’s Study Period, the School Has
the Responsibility of Supervision and Education

As a part of colleges and universities, art academies need to shoulder various respon-
sibilities to students on and off campus in their daily operations. Especially in the
domestic environment, because students are not yet fully capable of independence
(most of them do not have the ability to be independent financially), but they are
different from the almost completely closed elementary and middle school educa-
tion, students have a lot of spare time arrangements, regardless ofwhether the students
are in school neither outside the school is always within the visual range of teachers
or campus management. In the event of emergencies or accidents, parents or the
public media will hold the school responsible for the reason of being in school.
However, due to the limitation of reports, the public will naturally divide the school
and the students in the incident into strong and weak parties. And then judging right
or wrong or giving inappropriate comments will often bring huge public opinion and
accountability pressure to the school.

33.3.5 The Popularity and Reputation of Colleges
and Universities Have a Large Impact on Students’
Advancement and Employment

Compared with the company’s brand, the quality of word-of-mouth directly affects
consumer confidence and product sales, which in turn determines whether the
company has a chance to survive in cruel competition. The popularity and repu-
tation of colleges and universities will not be immediate, but it often affects student
recruitment and graduates’ careers, and this effect is long and lasting. At the same
time, the relevant public, such as higher-level supervisory units, cooperative educa-
tional institutions, etc., will re-evaluate the school, which will bring a lot of trouble
to the teaching plan and the long-term development of the school.
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33.4 The Importance and Measures of Daily Public
Relations Activities

33.4.1 Maintaining the Image of the Organization
and Expanding Publicity Are the Basis of Public
Relations Activities

When searching for news or information on the official websites of some schools,
it is not difficult to find that most of the official websites of schools are useless,
the information is not updated in time, or even no longer releases information. Take
the Central Academy of Drama as an example, click on campus culture-campus
news. The latest press release was released three years ago. Although important
information such as enrollment information is still being updated, it can be seen
that the school’s construction of the official website, utilization and publicity are
not paid enough attention. Even if the internal operation is well-organized, due to
inadequate publicity or poor information, outsiders will retain their impression of the
school a long time ago, or they may hear some evaluations of the school from various
places. These impressions and evaluations are often accompanied by communicators’
subjective colors, which do not represent the real situation of the school. Therefore,
strengthening the maintenance of information channels and the promotion of image
shaping is the most basic and most important in daily public relations activities.

33.4.2 The Cost of Positive Publicity in Daily Public
Relations is not High

Unblocking channels, establishing a mechanism for expressing opinions, and
clearing the emotions of students or faculty members can be the responsibility of
the trade union or the publicity department of the student union. Promote harmony
in the campus through multi-party communication between teachers and teachers,
teachers and students and students and students. In addition to the promotion of
activities on the official website, the general publicity film of the admissions exam-
ination website, and the official Weibo, it is necessary to pay more attention to the
daily campus culture and the release of campus dynamics, so that the information
inside and outside the campus is smooth, and the barriers are gradually eliminated.
The evaluation of the campus by the outside world is also more objective and fair,
and the school’s popularity and reputation have also been improved, and this does
not require too much investment and even play the role of love school and makes
students feel more belonging [6].
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33.4.3 Daily Public Relations and Crisis Public Relations
Form Complementary Advantages

For things on campus, we must focus on prevention and ventilate in many ways [7].
When daily public relations do notwork, raise the awareness of crisis public relations.
We can through campus network monitoring, keyword extraction of school image
and school reputation speech. Once a major campus event is mentioned, it should
be taken seriously, and the matter can be investigated or appropriately intervened,
and the matter should be resolved as early as possible to avoid further escalation
of the problem. At the same time, we must also improve our crisis public relations
capabilities. If conditions permit, we can set up a school’s crisis public relations
department, which is led by school leaders and composed of teachers and students.
Only with one heart and one mind can problems be solved more smoothly. In terms
of implementation, the school’s external influence is judged, and if the influence is
great, it will be dealt with publicly. If it does not constitute a great influence, it can
be settled privately with the parties and the result will be made a simple statement.
Compared with the past treat crises with a mentality of covering up the ugliness,
this is no longer popular in this new media era. Therefore, schools must learn to use
media platforms to prove their innocence, seize public opinion positions and avoid
gossip and rumors blind the truth [8].

33.5 Conclusion

Public relations activities do not only exist and need when a crisis occurs but can
and also need to be run all the time, day after day. Only by doing a good job of
public relations and propaganda in peacetime can the crisis be resolved calmly.
Public relations activities are not only the government and enterprises need to do,
for colleges and universities, especially art colleges should pay more attention to the
development of public relations activities.
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Chapter 34
Analysis on the Installation Art

Guanyu Zhu and Shui Jin

Abstract This paper mainly discussed the innovations brought by the new media
to the form and application of installation art. In this paper, new media installation
artworks were listed and analyzed to figure out the material changes and expres-
sion language of installation art in the new media. New media has promoted the
material development and interactive design for the installation art, which further
allows installation art to integrate various interesting and innovative elements and
become a unique art form.This paper reflects on how the current rapid development of
computer, information technology, and interactive technology help to apply the infor-
mation technology into real life and integrate installation art into human–machine
interaction.

34.1 Installation Art in the New Media

Media [1] is defined as a connection between information and people. People obtain
information through certain channels. Channels that carry the task of information
dissemination are the media. From a production point of view, rich imaging, digital
and interactive technologies, and creation have created the boom ofWe-media sector.
People paymore andmore attention to the application of visual imaging technologies
and personal creativity in various fields of today’s society. When it comes to the
influence of new media and related technologies on art, people will think about
installation art in contemporary art. Installation art is also called “ready-made art” [2].
Thematerials in the installation art aremostly frompeople’s daily life and production.
Artists reconstruct the materials and shapes of ready-made objects, endow themwith
new estheticmeanings and display them in a specific space to form a unique effect. As
a physical art, installation art has had a significant impact on traditional art, as it breaks
the traditional art form, and changes people’s minds on art carriers. Installation art
is not limited to sculpture, painting, and music. Instead, it can be expressed through
anymaterials. In the current era, with various materials and technique choices, artists
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can present unprecedented effects in the combination of art, technology, and media.
The development of technology also creates the new ways for artistic expression and
communication and serves as a bridge between people and things. Therefore, artists
start to ponder and image: what kind of incarnation the installation art will realize in
the newmedia ecology based on big data, 5Gmobile network and abundant materials
and various thoughts [3].

34.1.1 Changes of Media

The meaning of the newmedia will be explored in this section. If we understand new
media literally, the synonym of media is “media”, which in a broad sense refers to
the substance that can make connections or relationships between people, people and
things, things and things, and themedia is in the meaning of wordsMore points to the
storage and dissemination of information, but both have themeaning of “connection”.
In the Internet era, the brand-new concepts, such as internet of things (IoT), comes
into being. As they connect different things and store and disseminate information,
these new concepts instill “novelty” into the new media and coincides with the
concept of reconstructing things and spatial connections in installation art. Based on
the traditionalmedia, newmedia obtain information from traditional papermedia and
advertising television to digital technology and products, and shift from traditional
painting to “ready-made” artwork. The medium of communication and the form of
expression are no longer fixed. Any academic discipline can become a channel for
information storage and communication, and anything can becomematerial or device
for artistic creation. RoyAscott, the founder of international newmedia art, proposed
“moist media” [4]: more and more artists use nature, biology, biological processes or
computer technology for artistic creation. Computers and digital technologies belong
to the “silicone dry matter” in our cognition, so the biological media are the “moist
media.” Biological art that uses natural and biological knowledge, technology, and
materials to create involves selection of the “medium” in artistic creation.

34.1.2 “Ready-Made Products” of the Times

Steampunk symbolizes the mechanical revolution in the industrial age and people’s
reveries about hi-tech life in future. Pop art symbolizes the unprecedented prosperity
of the American and urban popular culture under the commodity economy. China’s
economy has been developed rapidly in recent decades, and various emerging tech-
nologies and abundant commodities have satisfied people’s needs of material life.
These commodities, supplies, or cutting-edge technologies for interaction and data
computing all embody the features of the times. In other words, products with the
elements of new media and new media software and hardware are the “ready-made”
materials of installation art. At the launch of the DIP Art Fund held at the Ullens Art
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Fig. 34.1 Screenshot of video for stock exchange-code generation visual device

Fig. 34.2 Screenshot of
video for stock
exchange-code generation
visual device

Center in Beijing, the first exhibition of “Stock Exchange-Code Generation Visual
Installation” (Figs. 34.1 and 34.2) was held. The visual works presented on the three
LED screens are all generated by computer codes. The flickering graphics present
the ideas of the art fund in the on-site environment through direct and avant-garde art
practices and create an immersive experience. Through the big screen of real-time
trading, visitors can see the busy and exciting index fluctuation curve, ongoing trans-
actions, and the red and green words in the stock market [5]. The “computer code”
and “stock” elements shown on visual devices are the products of modern social
development shows the visual form of modern social economic life in the form of a
visual medium. Nowadays, there are countless products of science and technology
and humanities in our lives. The thinking about the times have been transformed
into various forms of art, like the ready-made materials of installation art. Such
connections are still awaiting the discovery of artists.
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34.1.3 Participation of Art in a Novel Manner

Reducing the viewer’s cognition and participation costs echoes with the philosophy
of installation art to a certain extent: allowing viewers to “participate” and “immerse”
in the art. The current new media interaction technology is applied in many aspects
in the art field to present the ideas of art more effectively. In terms of installation
art, people no longer need to a solid art theory before they can appreciate works.
Instead, they just need to perceive the design of the image, sound, smell, and texture
in the installation design through their eyes, ears, nose, skin, and other organs. The
installation art can provide special and unique experience for the viewers compared
with other art forms. This form of communication with works of art reduces save
people the trouble of cognitive understanding, makes the appreciation of art easier
and more comfortable, and gives more space for imagination.

“Connectivity” is the core concept of installation art. Different from the art forms
that require many original creation and materials, artists just need to think about the
connections between existing objects, observe nature and create more connections
so that viewers can obtain new experience. Playground is an interactive music art
installation (Figs. 34.3 and 34.4), designed by Collectif Scale, the most experimental
avant-garde art team in France. It aroused great response in the Paris Musique Club

Fig. 34.3 Screenshot of the
interactive activity in the
“Playground”

Fig. 34.4 Screenshot of the
interactive activity in the
“Playground”
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exhibition in Paris in 2015. Playground (Figs. 34.3 and 34.4) consists of 32 snare
drums, tom drums, and bass drums, and each drum is equipped with a computer-
controlled drumstick. In front of the drum set array, there is an inductive control
carpet. Visitors can take steps on the control carpet and ring their own beat. The
more people participate, the more enthusiastic the beats. A special drum set music
is hence formed [6].

“Readiness to participate” and “interesting results” are the charm of interactive
installations. Even people without any artistic esthetics can “play” very happily. Art
is to make life better and happier. Installations with fun and interactive effects as the
core seem to have a unique mission-to simplify the complicated process and serve as
the bridge between the artistic works and the participants. Driven by such a concept,
interactive installations can help people explore those rendition and creative fields,
such as music, painting, even animation production, and character design.

34.2 The Artistic Expression of Installation Art in the New
Media

34.2.1 Concept of New Media Art

New media art covers various categories. Compared with the traditional art which
transforms the media and intermediary devices, it has a certain consistency with the
sensory experience brought by installation art, because ready-made products and
space are often used, and there are also overlapping works styles. We generally
categorize traditional art works into two-dimensional forms, such as painting and
photography, and three-dimensional forms such as sculptures and installation entities,
while new media art extends the concept of art to four-dimensional space, time
changes, and human perception. New media art aims to transform or create a space
that does not exist in a three-dimensional environment, non-existent sound tracks, or
images that do not follow the passage of real time so as to bring a new experience to
the viewer. In terms of installation art in contemporary art, based on the pursuit of
“substance” and “essence,” installation art has added newmedia-related technologies
to the design of physical objects and spaces so that information, emotions, and brain
activities can be better concretized and substantial in the works of art: It encourages
people to ponder, and think about what is “virtual reality.”
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34.2.2 New Media Expression of Installation Art

34.2.2.1 Digital Art Language

Similar to the use of brushwork and color techniques in painting, installation art
has higher requirements for display. Digital art in contemporary art aims to use
digital technology in the process of creation or display and use digital imaging as a
technique tool for the practice of art works. Since 1970,many terms have been used to
describe this particular technique, including computer art andmultimedia art. Digital
art itself is placed under a more comprehensive term “newmedia art.” Digital art can
be completely computer-generated (for example, fractal and algorithm art), or it can
be obtained from other sources, such as scanned photos or images drawn with vector
graphics software using a mouse or drawing tablet, due to its unique expressiveness
and digital calculations in the imaging effect and logical expression of installation
art. A student majoring in digital media art from Jiangnan University published an art
videowork called “TheRacecourse” on theMANAglobal platform for newmedia art
(Figs. 34.5 and 34.6). In that work, the artist has transformed some photos of life and
people into matrix imaging. The introduction of the work elaborates: the interaction
between people and the city is happening all the time, the countless information
generated by the interaction is recorded and uploaded all the time. Some people try
to continuously analyze all the uploaded information based on the algorithm through
pictures and even real-time monitoring, tamper the false information and convey
their own views. This means that when enjoying the convenience brought about by
technology, people are gradually giving up their right to think about information.
Many times people feel that they are making choices and exercising free will, but
it is not. There are algorithms and preferences behind shopping decisions, media
news, and value transmission. “Don’t let your brain become a racetrack for others’
thoughts.”

Fig. 34.5 “The Racecourse” artistic video works
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Fig. 34.6 “The Racecourse” artistic video works

34.2.2.2 Interactive Language

Interactive art can be discussed as a separate topic. In the vigorous development
of new media art, many works have combined the characteristics and concepts of
multiple art categories. After the concept of interaction has been developed, the
artists begin to apply the various interaction means to his works. Interactive art
involves the participation of the audience. Some interactive art installations allow
observers or visitors to “walk in” theworks to experience, and some artists require the
audience to join into the artwork. Such works of art usually have mechanical brakes,
linkage reactions, computers, sensors and other devices to respond to movement,
heat, weather changes or other forms of input, and program them to produce sounds,
pictures, dynamic effects, or somatosensory feedback for the participants. Most of
the installation works of virtual internet art and electronic art are highly interactive.
With the help of the concept of interaction and related digital technology, installation
art can better realize the somatosensory effect and expand the period for installation
art appreciation. The participation of performance activities enables artists to better
express and improve “perspective of observation” in the installation works. The most
popular work “CODA” (Fig. 34.7) at the Lyon Festival of Lights in France in 2019
was produced by the French avant-garde art group scale. The name of CODA is
originated from ballet and music and means the ending part of a ballet or musical
work. The device consists of 36 mechanical arms with two-meter-long light poles.
In a matrix, the device becomes a luminous dynamic architectural structure. This
installation is a futuristic transposition of ballet- people are replaced by light. This
group of luminous mechanical bodies uses a unique and avant-garde dance language
to create a coordinated or highly individual dance of light. Likemany of their previous
installations, CODA explores the existence and progressive virtualization of human.
CODA, as an interactive installation work, can react according to the artist’s special
proposal (music scene, dance…) in real time [7].
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Fig. 34.7 “CODA” installation works

34.2.2.3 Mechanical Art Language

With the improvement of human production, machinery as the main tool of produc-
tion has also become the expression language of art and is widely used in device
design. The machinery is to help people reduce the difficulty in work or achieve
tasks beyond the capabilities of humans. Daily simple and basic items, such as
chopsticks, brooms, and tweezers, and complex machinery are used to create inter-
active and coordinated mechanical structures for production. These synchronized
and complicated machinery are called a machine. From the perspective of structure
and movement, mechanisms and machines are generally called machinery. As time
goes by, machinery contains more profound cultural meaning and human wisdom.
Nowadays, mechanical language is widely used in the field of installation art. On
the one hand, the dynamic effects of the installation in the installation art are real-
ized through linkage. On the other hand, the cultural meaning and structural beauty
brought by the machine itself are also well used to present the artistic expression of
contemporary installation art.

The integration ofmachinery and various sensing devices, and computing can also
help finish many highly precise tasks. At the International Conference on Robotics
and Automation (ICRA) in Montreal in 2019, the installation art work “Prosperity”
produced by ELEKTRA (Fig. 34.8 and 34.9) was displayed. The main body of the
work is an autonomous machine. All operations and running calculations are inte-
grated into a microcontroller with only 256 K bytes of memory. “Prosperity” is an
independent device for managing rice grains. Tweezers move from one surface to
another, randomly clamp particles, and then place them in an orderly arrangement
on another surface. Therefore, the rice grains are aligned and maintain their original
orientation. In the past few years, Samuel St-Aubin has been devoted to his own
creation and instilled another dimension into his works. He has transcended the utili-
tarian reality of objects, shifted the focus from focusing on surface to fundamentally
destroying the relationship between objects and human. With the high precision, his
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Fig. 34.8 Video screenshot
of “Prosperity”

Fig. 34.9 Video screenshot
of “Prosperity”

works allow us to explore the poetry of daily life and discover poetry in simple items
in our daily life.

34.3 Conclusions

This paper discussed the major trajectory for the installation art in the newmedia. Of
course, installation art is a special product as a result of the changes of media, highly
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saturated information algorithms, and the prevalence of artificial intelligence in the
era of new media. Advances in equipment and technology have changed people’s
views on nature, society, and lifestyles. In the 2G era, people only knew to obtain
movies, TV series and other videos through TV and hard disks; in the 4G era, the
increase in network speed has made the handheld devices more versatile, and the
ways of video display more diverse. Live broadcast and short video are the typical
products of this era; now, with the popularization of 5G and the development of AR
and VR technologies, the media tends to be a more immersive and timelier one. This
has changed almost everything in people’s lives, such as shopping, viewing exhibi-
tions, interior design, and art genres. Various imaging digital technologies and the
unique creativity of personal creations have created the created the boomofwe-media
sector. People pay more and more attention to the application of visual imaging tech-
nologies, personal value and personal creativity in various fields of today’s society.
No one can go against the tide of the times. Today’s designers and artists also need to
integrate their artistic creativity into a suitable expression language, and use different
equipment, environments, technologies and other media in the new media so as to
create more communication and appreciation methods for art and culture.
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Chapter 35
Design and Realization of General
Platform for Computer Game

Taocan Zhang, Shuqin Li, Yixiao Su, Shaohua Ni, and Zhuoqun Li

Abstract This paper studies the current situation of computer game platforms and
focuses on the rational use and expansion of existing game technology to build
a complete general-purpose computer game platform that can load different game
engines. The front-end and back-end decoupling architecture of the game platform
was designed. The front-end calls the Native API at the back-end throughWebSocket
and uses JSON data for interaction. Realize the role of the game platform in the game
rule determination and input–output interaction interface, and provide higher execu-
tion efficiency, more convenient operation mode and necessary rule evaluation for
game participants. Let computer games be more fair, just and efficient. Experiments
show that the system is feasible and effective, and it has practical significance for
the future study of computer game.

35.1 Introduction

Machine game is one of the important research directions in the field of artificial intel-
ligence and computer science [1]. Understanding the essence of intelligence through
the process of machine game is the best experimental carrier for studying human
thinking and realizing machine thinking. With the promotion of game competitions
[2] in recent years, more scholars have participated in game research [3], but there
are relatively few domestic research and development of general-purpose computer
game platform for different chess types [4]. In the past national computer game
competitions, because there was no unified competition platform, when multiple
teams conducted different algorithm comparison tests, they could only independently
develop programs with human–computer interaction interfaces, thus increasing the
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workload of the battle platform interface. This prolongs the development cycle and
is not conducive to rapid program development and testing. At the same time, the
front-end and back-end integrated game system can only play a limited mode of
man–machine game and cannot arbitrarily replace game engines that use different
search algorithms [5]. Through the research results of the existing battle platforms
as shown in Table 35.1, the advantages and disadvantages of the existing platforms
are analyzed.

Based on the above research on the development status of machine game and
platform, this paper draws on the advantages of the design and functions of the
existing platform, focuses on the design of a reasonable platform architecture, and
USES appropriate technology to build a perfect general computer game platform that
can load different game engines, so as to ensure the fairness, fairness and efficiency
of the game process.

35.2 The Architecture Design of the Computer Game
Playing Platform

The platform is based on Node.js+ Electron+ JavaScript+Html+ CSS+ Python
+WebSocket and other technologies to realize the whole platform architecture with
front and rear terminals independent:

The front-end realized visual user interface of the battle platform based on elec-
tron and module design of general chess class, as well as the front-end chess move
rule detection. Complete the visual representation of the current situation and can
support the operation of the pieces on the board, at the same time, the design and
implementationof themenu, timer, recovery, repentance andother commonoperation
parts.

The back-end USES Python to implement the scheduler, which realizes the inter-
connection of the game program and the rule judgment of the game, completes the
data saving of the situation, the analysis of the method and the judgment of the game
result, realizes the rule detection of anti-cheating pieces, and it is also responsible for
the output of relevant data to the front-end program. At the same time, the front-end
program loads the operation to the back-end program, and the back-end program
realizes the response to the front-end program.

The front-end html page calls the Native API interface of the back-end through
Websocket and uses json data for interaction.
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Table 35.1 Comparison of existing computer game platforms

Existing platform Disadvantages Advantages

Amazon (Li Zhen) 1. Supported operating
systems: Windows 10,
Xbox One

2. Does not support chess
movement record saving

3. Does not provide API4 no
timing function

1. Interface implementation
effect is good

2. Support man–machine
battle

3. Support reading and
archiving

Invader 1. The version is backward,
and the latest version was
released in 2008

2. It can only be played by
everyone

3. There is no API available

1. Interface implementation
effect is good

2. Support man–machine
battle

3. Support reading and
archiving

Amazon Board Game
(netease)

1. The version is backward,
and the latest version was
released in 2010

2. need to charge
3. support the operating

system: IOS does not
provide the API

1. Interface implementation
effect is good

Amazons (Gregor Ulm) 1. Backdated version, the
latest version, was released
in 2014

2. Supported operating
system: Windows

3. Complexed installation
process

4. Only input coordinates to
play the game

5. No API provided

1. User documentation is
provided

El Juego de las Amazonas 1. The version is backward,
and the latest version was
released in 1995

2. Need to charge
3. Support the operating

system: windows
4. Visual Basic writing
5. Does not provide API
6. No timer function

1. Provide help files
2. Support for man–machine

battle
3. Support for printing and

saving games

Six chess, Amazon, Sulakarta,
phantom go, not go, point grid
chess integrated battle
platform

1. Simple page
2. No support for game

between man and machine
3. No support for chess

movement record
4. No support for saving chess

state
5. No support for chess

repenting

1. No platform dependence
2. Support network battle
3. Can display the movement

record of pieces
4. Support loading engine
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35.3 Design and Implementation of Computer Game
Platform Front End

Based on Chromium and Node.js, the front-end framework electron [6] can use
HTML, CSS and JavaScript to build applications, with good cross-platform and
compatibility, suitable for scenarios with many UI changes, little volume limit and
high-development efficiency. Using electron as the front-end GUI framework, this
platform USES powerful web ecology to develop the interface, USES Native API
to realize the platform to create room logic process, and presents the entire platform
system in the form of the client. According to the idea of componentization devel-
opment, the function of the platform is divided, and the front-end development is
carried out with the idea of building blocks. Using object-oriented thinking, the API
design of components is completed through four element attributes, methods, events
and sub-window drawings of component design, which achieves a better platform
effect.

The relevant logic implementation of chessboard is realized by using the prototype
inheritance implementation method of JavaScript: By defining chess, a common
chess class, the prototype property is used to add properties and methods to the chess
object to define chess radii, boundary values, styles, the specific positions of chess
pieces on the board, the display of chess pieces and the movable range of chess
pieces. The whole logic process of the game is realized by defining the game logic
class chess game, using the prototype property to add initial chess game and pieces
to the object, drawing all pieces, drawing board and remaining pieces, switching
chess sides, judging whether they are our own pieces, creating an array map of chess
layout, moving pieces, judging the end of the game and other methods.

35.4 Modular Design of the Back End

35.4.1 Design and Implementation

Back-end code is written through Python language, and the calls between modules
are realized through custom packages. At last, the back-end data is transmitted to the
front end through the server, and the front end performs the test and outputs after the
judgment is correct.

The general game playing platform integrates multi-function board operation,
multiple board rules and user interaction. In order to meet the higher requirements of
both sides of the game, the platform is divided into three modules: service module,
room module and information module through the connection relationship of logic
progression. The information module includes board, timer and player information.
Besides, the board module can connect different kinds of chess.
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35.4.2 Advantages of Module Division

More rigorous, professional and maneuverable.
Multi-module design to achieve broader scalability and practicality.
Integrated multiple means to promote fine-grained module division, which is

conducive to separation of concerns and module reuse.
The back-end modules are divided as shown in Fig. 35.1, including the following

modules.
Board module: it includes the playing rules of multiple chess types, winning

conditions, review of chess faces and eating sub-rules, etc. After the player chooses
the game, the corresponding checkerboard code matches the room.

Timer module: Calculate the playing time of each round and the total game time
of both sides, and judge whether the stipulated time is exceeded.

Player module: Record the basic information of both sides of the game, including
the current position of pieces, accessible positions of pieces and movable pieces, etc.

Room module: Refer to the above three modules. Add (delete) players, match
status after starting the game, move pieces, notify players and judge the order of
hands, etc., are all operated by the room module. In addition, the list of players,
match status and room information are also displayed to users.

Serve module: obtain client list and room list, judge whether to join the room,
and play the role of connecting front end and back end. Import the back-end code
through the import room get the front-end message address, and finally synchronize
the received object with the front and back ends through the JSON library.

Fig. 35.1 The modules of
the battle platform division
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35.5 Realization of Game Platform

35.5.1 Key Technology: WebSocket

WebSocket [7] is a protocol for full-duplex communication on a single TCP connec-
tion. It makes the data exchange between the client and the server easier, allowing
the server to actively push data to the client. In the WebSocket API, the browser and
the server only need to complete a handshake, and a persistent connection can be
created directly between the two, and two-way data transmission can be carried out.

35.5.2 Connection Between Front-End and Back-End
Programs

The realization of the logic process of the front-end and back-end adjustment is
shown in Fig. 35.2.

The platform uses Websocket and borrows the idea of Socket to provide a similar
two-way communication mechanism between the front-end and the back-end: create
a socket instance on the front-end, and provide this instance with the IP address and
port number of the back-end to be connected. The backend creates another socket
instance and binds the local port number to listen. When the front-end and back-
end establish a connection, the two parties establish an end-to-end TCP connection,
which enables two-way communication.

The url above is the address of the service openedby the native node, specifying the
execution events of connection (on open), closing (on close), and message receiving
(on message), accessing the HTML, and printing the ws information.

Fig. 35.2 Front-end and back-end coordination logic
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Table 35.2 The native API design

Key Value Description

Message Start Game start

State Ready If the other party has not started, return ready, otherwise
return start

Message move chess piece move

Location {‘from’: [0, 0], ‘to’: [1]} moving coordinates

kw 0 0 is a moving piece, 1 is a moving obstacle;

Message Room_list Room list

Room_list [1–4] room id array

Message add_room add the room

Args [10, 10] board size

Room_id 2 Room number

Order 1 or 2 1 is the first move, 2 is the second move

Player Id “A” player ID

The console prints “success connect!” to indicate that the connection is successful,
and the client USES on message to process the received message.

The event parameter contains the details of this communication, and the message
returned from the server will be in the event’s data property.

After openingWebSocket, the server will listen in the message receive the param-
eter data to capture the message sent by the client, and then use “send” to send the
message. The native API design is shown in Table 35.2:

35.5.3 Technical Features of Platform Design

35.5.3.1 The Front End and the Back End Are Separated

Separation of duties.
Interface communication between front and rear ends is realized through

WebSocket;
The front end and the back end each have their own development process, build

tools and test sets.
Separation of concerns, with front and rear ends becoming relatively independent

and loosely coupled.
Interface specification principles.
Interface returns data to display: the front end only does rendering logic

processing.
Rendering logic forbids calls across multiple interfaces.
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Fig. 35.3 An example of an
Amazon chess match

The front end focuses on interaction and rendering logic and tries to avoid the
occurrence of business logic processing.

Request and response transmission data format: JSON, JSON data as simple and
lightweight as possible, to avoid the emergence of multi-level JSON.

35.5.3.2 Display the Effects of the Battle Platform

Front-end and back-end test implementation platform of the whole logic process.
Figure 35.3 shows the game effect of Amazon [8] chess on the platform. The platform
canvas displays the current game state. The buttons are laid out on the right side of
the canvas, and the game time of the black and white sides are displayed. The total
time is displayed on the top of the canvas. Realized a good game status display and
platform effect. The console prints the coordinate position changes of the current
chess game and other parameter information in real time.

35.6 Conclusion

Based on the separation of front-end and back-end architecture, this paper designs
and implements a general-purpose computer game platform that supports extended
deployment of chess types, which better reflects the state of the game and makes
computer games easier to enter the public’s vision. It is helpful for beginners to
quickly enter the essential research of computer games and promote the populariza-
tion and promotion of computer games. Provide effective solutions for adjusting and
improving computer game engine programs.

Acknowledgements This work is supported by 2020 Promote Connotation Development
of Universities-Scientific Research Training Program for College Students of BISTU



35 Design and Realization of General Platform for Computer Game 293

(No.5102010805), by Key potential projects of Promoting Research Level program at Beijing
Information Science and TechnologyUniversity. (NO. 5212010937), byNormal projects of General
Science and Technology research program (NO. KM201911232002), and by Construction Project
of computer technology specialty (NO.5112011019)

References

1. Xu, X.H., Deng, Z.L.,Wang, J., et al.: Challenging issues facing computer game research. CAAI
Trans. Intell. Syst. 3(4), 288–293 (2008)

2. University Computer Games Championship & National Computer Games Tournament Home-
page, http://computergames.caai.cn/index.html. Last Accessed 21 Nov 2020

3. Silver, D., Huang,A.,Maddison, C.J., et al.:Mastering the game ofGowith deep neural networks
and tree search. Nature 529(7587), 484–489 (2016)

4. Wang, Y.J., Qiu, H.K., Wu, Y.Y., et al.: Research and development of computer games. CAAI
Trans. Intell. Syst. 11(6), 788–798 (2016). https://doi.org/10.11992/tis.201609006

5. Silver, D., Schrittwieser, J., Simonyan, K., et al.: Mastering the game of Go without human
knowledge. Nature 550(7676), 354 (2017)

6. Electron Homepage, https://www.electronjs.org/. Last Accessed 20 Aug 2020
7. Fette, I.: The websocket protocol. Draft-Ietf-Hybi-Thewebsocketprotocol-10.6455, 1–71 (2011)
8. University Computer Games Championship & National Computer Games Tournament,

“Amazon competition rules” Homepage, http://computergames.caai.cn/jsgz04.html. Last
Accessed 1 Sep 2020

http://computergames.caai.cn/index.html
https://doi.org/10.11992/tis.201609006
https://www.electronjs.org/
http://computergames.caai.cn/jsgz04.html


Chapter 36
Design of Electronic Caliper
for Detecting the Distance between Cable
Crimping Edges

Tao Hu, Zhongfei Ye, Ming Lu, Huanfeng Ren, and Liqun Shen

Abstract The important crossing line drops, broken can lead to serious public secu-
rity and network security incidents, at the same time in order to avoid the infrared,
X-ray, magnetic flux leakage line detection method with high costs and low effi-
ciency of direct measurement method, this paper designed the special equipment
of pressure measuring of electronic caliper based on STM32 microcontroller unit.
Generally, the cross-section of the cable after crimping is positive hexagon, and the
electronic caliper provides necessary data feedback for the evaluation of the whole
crimping quality by measuring and displaying the three sets of opposite margins of
the regular hexagon in real time. At the same time, the database is established and
intelligent evaluation is realized by means of communication with upper computer
throughWIFI or data storage via SD.The research in this paper is of great significance
to improve the quality detection efficiency and reliability of the crimped cable.

36.1 Introduction

As high-speed railways, highways, and power grids continue to expand, the number
of transmission lines is also increasing [1]. If the line is dropped or disconnected, it
will lead to large public security and power grid security incidents [2]. The stability
of electrical wiring bonding process is very important to ensure the quality of wiring
harness. However, the method of measuring directly by workers with measuring
tools has the problems of low measuring efficiency and easy work tired. Magnetic
flux leakage, infrared, and other detection methods are difficult to achieve portable
measurement equipment, miniaturization [3]. Based on the above reasons, it is very
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necessary to design a simple automatic detection equipment that does not require too
much involvement of operators in the testing process.

36.2 Design of Electronic Caliper

36.2.1 Function Design of Electronic Caliper

Measurement circuit of this article is based on the STM32 MCU multi-channel
displacement measuring device, circuit parts need to be able to collect real-time
pressure welding cable three groups on themargins, and PCwas achieved bywireless
communication and computer interface of data analysis and integration of on-chip
flash and the memory for data storage, the overall structure of the system block
diagram is shown in Fig. 36.1.

According to the above requirements, this paper adopts the modular development
method to study the data acquisition and processing system. The system is divided
into two parts: the data acquisition and processing part of the lower computer and the
data receiving and analyzing part of the upper computer. The way of WIFI commu-
nication between the upper computer and the lower computer serves as the bridge
of data transmission. The lower computer part includes multi-channel capacitive
grid displacement sensor module [4] and microcontroller circuit module. STM32 is
selected as the control chip, and modularized design is adopted for data acquisition
and processing, liquid crystal display, data storage, serial communication, and wire-
less data transmission [5]. The main purpose is to program and realize the controller.
At the same time, the microcontroller circuit module can also control the key circuit
by setting different keys to realize the switch between other functions such as switch,
reset, storage, etc.

Fig. 36.1 The research scheme of the function of electronic caliper
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36.2.2 Mechanical Structure Design of Electronic Caliper

According to the shape design of the pressed cable, the edge clamp is composed
of six displacement probes, data acquisition, and display, upper and lower half-ring
bracket, etc. In order to realize the edge detection of the pressed cable, the device has
a shear-shaped structure that can be opened and closed, as shown in Fig. 36.2. Press
the handle to open the upper and lower half rings of the caliper during measuring
the edge distance detection of the crimping cable. After the cable is completely put
in, release the handle, and the upper and lower half rings are precisely closed under
the driving of the spring force. After reading the display data of the six probes, three
sets of opposite margins of the six-prism cable are calculated.

The structure of the displacement probe is similar to the thickness gauge, and
its function is similar to that of the traditional lever dial indicator. The main parts
include the probe housing, movable grid fixed bracket, sliding guide, and spring. Its
mechanical structure is shown in Fig. 36.3.

The probe housing should be reserved for data line holes to ensure data communi-
cation between the sensor and the circuit. In addition to protecting the internal sensor
module, the probe housing also has the function of fixing the grid. The movable grid
fixing bracket is fixed directly with the measuring probe, and the measuring probe is
in contact with the workpiece. The sliding guide ensures that the moving grid is in a
relatively parallel state when the fixed grid is working, so as to reduce the quadratic
error of measurement as far as possible. The design of the spring is to ensure the
probe’s return force while making the reading fast and accurate. The dimensions
of the probe housing and the movable grid fixed bracket are directly determined by
the dimensions of the capacitive grid sensor moving grid and fixed grid selected in
this paper. The design of tension spring and measuring probe must meet the corre-
sponding mechanical principle and working life principle. At the same time, as a

Fig. 36.2 Mechanical
assembly diagram
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Fig. 36.3 Probe structure
diagram

handheld device, the probe shell should be as light and compact as possible after the
above parts meet the specified requirements.

The electronic caliper arm is composed of two symmetrical supporting semi-rings
and springs. Compared with the probe, its design is relatively simple. Its function is
to fix the relative positions of the six displacement probes and the data line extending
the probe. Considering that the displacement probe can be zeroed mechanically or
software, the accuracy of the caliper arm is required to be high, and the deviation of
the fixed angle of the probe will affect the measurement results.

36.2.3 Circuit Design of Electronic Caliper

The microcontroller minimum system is to let the microcontroller work normally
and play its functions must be a component, that is, the microcontroller can work
with the least components of the system. STM32 microcontroller is widely used in
the market, with stable performance and low price. In this paper, STM32F103ZET6
chip is selected as the master controller.

The display screen is monochrome OLED, as shown in Fig. 36.4. The displace-
ment sensor is TM-003 capacitor-grid displacement sensor, as shown in Fig. 36.5.

The measuring range of this capacitive grid displacement sensor is±999.99 mm,
its resolution is 0.01 mm, and its precision is±0.02 mm. The structure of capacitive
grid ruler is divided into moving grid and fixed grid. A series of emitter electrodes
of the same size and width l0 are arranged on the moving grid. The upper end is
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Fig. 36.4 Monochrome
OLED

Fig. 36.5 TM-003
capacitive grid sensor

the public receiving pole. A series of reflective electrodes and shielding plates of
the same size and width of 4l0 are arranged on the fixed grid. Different excitation
voltages are applied on the emitter Plate 1–8, respectively, to generate charge on
the reflecting plate through capacitive coupling and generate charge output through
the public receiving pole. The charge output is usually proportional to the measured
displacement. The structure of this form is simple, but the error is large if the dynamic
grid fixed grid is not placed in parallel.
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36.3 Measuring Principle Design of Electronic Caliper

Standard parts should be used to calibrate the caliper accurately beforemeasurement.
The design of the standard parts refers to the measurement object customization of
the caliper, which is a standard six-prism, with 3 groups of fixed margins and known
accuracy.When the electronic caliper paired probe is not beingmeasured, the distance
between the two probe heads, namely the initial opposable distance of the probe head,
is D, and the initial position indication numbers of the two probe heads are d10 and
d20, respectively, (namely the initial display data after the probe heads are electrified),
as shown in Fig. 36.6. In this figure, �d1 and �d2 is the change of probe indication.

When the standard parts are calibrated, the opposite distance between the two
probeheads is Dc and the readings of the twoprobeheads ared1c andd2c, respectively.
At this point, when the standard part is measured, the size of the standard part is.

Dc = D + (d1c − d10) + (d2c − d20) (36.1)

D = Dc − (d1c − d10) − (d2c − d20) (36.2)

Among them, Dc is a set of matched margins of standard parts, which can be
verified by other measuring tools and regarded as known quantity in the calculation
process. The machining precision of Dc should be higher than the measuring preci-
sion of caliper probe, and the transfer of measuring datum can be realized by using
Dc. d1c, d10, d2c, d20 are read values for electronic caliper. As can be seen from the
formula, through the calibration process, the distance D between two probe heads
can be calculated when the electronic caliper is not put into the part to be tested.

The distance between the two probes is Dm . The readings of the two probes are
d1m and d2m , respectively. Since the upper and lower probes will move up and down
with the action of the operator during the measurement process, the readings of d1m
and d2m are not fixed even for the same margin to be measured.

Fig. 36.6 Measuring
schematic diagram
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Table 36.1 Electronic caliper measurement results (mm)

Number 1 2 3 4 5 6 7 Average value

Channel 1 50.014 50.012 49.996 50.006 50.008 49.994 50.002 50.005

Channel 2 49.996 50.002 49.988 50.000 50.002 49.994 49.992 49.996

Channel 3 50.010 50.008 50.014 50.012 50.002 50.006 50.012 50.009

Dm = D + (d1m − d10) + (d2m − d20) (36.3)

Substitute formula (36.2) into the above equation, and get:

Dm = Dc + (d1m − d1c) + (d2m − d2c) (36.4)

It can be seen from formula (36.4) that the measurement of Dm is related to Dc,
d1c and d2c. When D, d10 and d20 remain unchanged, it is independent of D, d10 and
d20.

36.4 Measurement Experiment of Electronic Caliper

After the above electronic caliper is manufactured, in order to verify the correctness
of the above principles, with 3 grade 50 mm gauge blocks as the benchmark and
the object to be tested, the variation in the length of the gauge blocks is better
than 0.18 microns, which is much smaller than the detection uncertainty of the
electronic caliper. Take each group of opposite probes as a channel, and perform
multiple measurements on the three channels, respectively. The results are shown in
the following Table 36.1.

It can be seen from themeasurement results that the maximummeasurement error
of the above three channels is better than 0.02 mm, which meets the measurement
accuracy requirements of the crimping of the transmission line.

36.5 Conclusion

In order to realize the simultaneousmeasurement of three groups of opposite margins
of the crimped cable, a multi-channel displacement data acquisition and processing
systemwasdevelopedbasedon capacitor-grid displacement sensor andSTM32MCU
in this paper. The relevant work completed is summarized as follows.

The general measuring principle of the edge of the crimped cable is designed,
and the function design of the special measuring tool is realized. The design of
electronic caliper structure including the final assembly and probe is realized, and
the measurement precision and effect can meet the expectation. It realizes the design
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of electronic card gauge function circuit with STM32 as the core, integrates data
collection, display, storage, and wireless communication with upper computer.
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Chapter 37
Research on the Active Safety
Monitoring Evaluation System of Key
Operating Vehicles

Jing Deng, Feng Wang, Xiaobo Wu, Haiqiang Xiao, Changjun Zhao,
and Changling Hua

Abstract With the substantial increase in passenger and freight volume and the
increasing complexity of road conditions, transportation safety issues have become
increasingly prominent. Traditional safety supervision using satellite positioning and
videomonitoring as themain sensingmeans can no longermeet actual needs. Relying
on vehicle active safety intelligent prevention and control technology, the safety
technical equipment of keyoperating vehicles in the transportation industry have been
upgraded. In response to the needs of the transportation safety supervision business
under the newsituation, this paper conducts a researchon the driving safety evaluation
of key operating vehicles based on the fusion and analysis of vehicle driving and
driver behavior active safety monitoring data and puts forward the evaluation index
system of active safety monitoring based on the five factors of people, vehicles,
roads, environment and events, which has a positive role in promoting the dynamic
supervision level of road transportation.

37.1 Introduction

The rapid development of the transportation industry has injected strong impetus into
economic development, but the following road traffic safety accidents also caused
serious casualties and economic losses. Among them, operating vehicles account
for a large proportion, especially major vicious traffic accidents, due to their large
passenger and freight volume, high operational intensity, long operating time, and
complex operating environment [1]. The sustained and rapid development of the
national economy and the growing demand for logistics transportation have brought
about the increasingly busy road traffic and the rapid growth of operating vehicles.
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The traffic safety supervision mode and evaluation system based on traditional tech-
nical means are no longer applicable, so it is necessary to make breakthroughs based
on advanced information technology in intelligent supervision and pre-prevention.

Since 2009, China has carried out the intelligent networking supervision of oper-
ating vehicles. Based on the integration of existingmonitoring resources, theMinistry
of Transport has built a national key operating vehicle networked joint control system
to support cross-regional and cross-departmental joint supervision of key operating
vehicles.With the comprehensive application of new information technology, and the
rapid promotion of the Advanced Driving Assistance System (ADAS), active safety
earlywarning andmonitoring technology is becomingmoremature. The safety super-
vision of operating vehicles has entered the stage of “vehicle satellite positioning +
video monitoring + active safety warning,” and gradually formed “pre-warning,
in-process control, and post-event tracking” driving safety management closed loop.

Compared with the actual needs of road transportation traffic safety, the current
road transportation traffic safety management still has some shortcomings, such as
insufficient analysis and utilization of data resources, no effective safety evalua-
tion and assessment of drivers and transportation companies. Efficient and accurate
monitoring and safety evaluation of vehicles and drivers during driving can detect
potential safety hazards in time, effectively prevent traffic accidents, and improve
the level of traffic safety [2–4]. Safety evaluation is the basis of strengthening traffic
safety supervision.

The road traffic system is a dynamic and open system. Its safety is restricted
by both internal factors and external environment, it is closely related to factors
such as people, vehicles, roads, environment, and management. To do a good job in
vehicle safety evaluation, it is necessary to comprehensively consider the influence of
multiple factors and conduct an integrated, comprehensive, and objective evaluation.
In recent years, many domestic and foreign experts have carried out research on
vehicle safety evaluation [5–9], analyzed the impact of drivers and other factors on
traffic safety, and constructed a variety of safety evaluation index systems.

At present, the research on vehicle safety evaluation system has achieved many
results, but the research on operating vehicle safety evaluation is not perfect. The
transformation and upgrading of the safety technical equipment of operating vehicles
in the transportation industry has triggered new regulatory requirements and has also
enabledmore data to be collected. Therefore, based on the data fusion and analysis of
active safety monitoring of vehicle driving and driver behavior, this paper conducts
an active safety monitoring and evaluation system for key operating vehicles, which
is helpful to deepen the prevention-oriented supervision thinking, improve the safety
supervision mechanism system, and improve the efficiency of industry supervision.
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37.2 Analysis on the Nature of Traffic Accidents

The establishment of a scientific safety monitoring and evaluation system can
strengthen road safety management, promote the transformation of post-event foren-
sics to pre-prevention, and effectively avoid and reduce accidents. In order to clarify
the influencing factors of traffic safety, support the selection of vehicle safety
evaluation indicators, this paper analyzes the nature of traffic accidents.

(1) Suddenness. The occurrence of a traffic accident is often a momentary process,
and the reaction time of the driver from visually perceiving the accident to
taking emergencymeasures is very short, especially when the vehicle is driving
at high speed.

(2) Randomness. Traffic accidents are often the result of the interaction of many
factors. The change of any factormay lead to the occurrence of traffic accidents.
The risk factors themselves have randomness, and the results caused by their
interaction are more random.

(3) Frequency. Nationalmotor vehicle ownership continues to grow and has leaped
to first place in the world. However, due to imperfect road traffic facilities, poor
public awareness of traffic safety, and imperfect traffic safety management
system, road traffic accidents are frequently occurring.

(4) Irreversibility. In a dynamic and open traffic system, all factors are changing
randomly, so no two traffic accidents are the same from cause to result. More-
over, traffic accidents are not the expected results of human behavior and cannot
be reproduced artificially, that is, they are irreversible.

37.3 Active Safety Monitoring Data Collection

Data collection is the key basic work for establishment of evaluation index system
and realization of active safety and intelligent monitoring [7]. The collected data
must meet the requirements of safety evaluation. Vehicle driving safety is affected
by many factors such as drivers, vehicles, roads, environment, and management.
Relevant data can be collected from vehicle intelligent video monitoring and alarm
system, road network monitoring system, satellite positioning system, operating
vehicle networked joint control system, transport administration system, and traffic
management system. This section summarizes and sorts out the data required for
active safety monitoring and evaluation, as shown in the following Table 37.1.

37.4 Evaluation Index System of Active Safety Monitoring

Since the road traffic system is a dynamic system composed of drivers, vehicles,
roads, etc., driving safety is also affected by many factors such as environment and
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Table 37.1 Active safety monitoring data

Category Data information Collection channel

Historical data Driver assessment data Operating vehicle networked joint control
system

Assessment data of
transportation companies

Operating vehicle networked joint control
system

Transportation safety accident
record data

Traffic management system

Static data Vehicle basic data and vehicle
management data

Operating vehicle networked joint control
system,
Transport administration system

Driver basic data Operating vehicle networked joint control
system

Basic data of transportation
companies

Operating vehicle networked joint control
system

Road network information,
infrastructure status data

Road network monitoring system

Map data Satellite positioning system

Dynamic data Driver driving behavior data
and status data

Vehicle intelligent video monitoring and
alarm system

Vehicle location data and
status data

Vehicle intelligent video monitoring and
alarm system, Satellite positioning system

Road operation status data Road network monitoring system

Meteorological data Operating vehicle networked joint control
system

management [10]. Therefore, the active safety monitoring and evaluation of key
operating vehicles is also a multi-index and multi-level evaluation problem.

37.4.1 Construction of Evaluation Index System

Active safety monitoring evaluation index system has a complex structure and
numerous influencing factors, which require comprehensive consideration of the
overall situation. People, vehicles, roads, environment, and events are the five major
factors affecting road traffic safety, this paper starts from the above-mentioned traffic
safety factors, comprehensively considers various influencing factors of transporta-
tion safety, uses the expert survey method to screen out the important and influential
indicators, and gradually build a multi-level index system. The evaluation index
system of active safety monitoring established in this paper is shown in Table 37.2.
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Table 37.2 Active safety monitoring evaluation index system

First-level indicators Second-level
indicators

Third-level
indicators

Fourth-level indicators

People Driver status Mental status Fatigue driving

Health status Sudden illness

Driver assessment Historical
assessment record

Record of illegal
behaviors

Records of unsafe and
irregular driving behavior

Driver ranking

Driving habits Driving habits

Driver’s driving
behavior

Dangerous driving Making calls, playing
with mobile phones

Hands off the steering
wheel

Not wearing a seat belt

Not looking ahead for a
long time

Leaving the driving seat

Smoking

Illegal driving Change lanes frequently
or irregularly

Overtime driving

Overspeed driving

Overcrowding

Night shift (2–5 o’clock)

Interference monitoring

Unchecked seat belt

Too close to the front car

Vehicle Vehicle Type Passenger vehicles Large, medium, and small
passenger vehicles

Freight vehicles Large, medium, and small
Freight vehicles

Dangerous goods
transport vehicles

Class 8 dangerous goods
transport vehicles

Vehicle status Vehicle technical
status

Maintenance information

Vehicle failure
breakdown

1–4 level fault

Vehicle loading
status

No load or heavy load,
Type of cargo

(continued)
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Table 37.2 (continued)

First-level indicators Second-level
indicators

Third-level
indicators

Fourth-level indicators

Road Highway class Functional grade Expressway, first-class to
fourth-class highway

Infrastructure
characteristics

Special sections Tunnels, bridges,
mountain roads, steep
slopes, etc

Other high-incident
sections

Road intersections,
roundabouts, etc

Operating status Traffic flow Extra light, light, medium,
heavy, extra heavy traffic

Average speed Smooth, slow, congested,
etc

Blocking events Roadblocks (maintenance
construction, traffic
accidents, etc.)

Environment Meteorological
environment

Bad weather Rain, snow, fog, wind,
sand, etc

Road environment Road condition Pavement water or icing

Pavement subsidence or
collapse

Light conditions Driving time Day and night

Lighting facilities Lighting infrastructure

Event Business
management

Company-level Level one to five

Assessment record Company ranking

Overall illegal behavior
records of company

The company’s overall
unsafe and irregular
driving behavior records

The alarm event
processing efficiency of
company

Fleet management Vehicle management Vehicle technical
maintenance information

Vehicle annual inspection
information

Vehicle damage Vehicle exterior damage

Vehicle failure
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37.4.2 Active Safety Monitoring Evaluation Methods

Through multi-source data fusion analysis and application, an active safety moni-
toring evaluation system for key operating vehicles is built to support the road trans-
portation industry to form a safety evaluation mechanism for drivers, fleets, and
transportation companies in different dimensions.

Real-time risk evaluation of driving. Based on the data information of the active
safety system and intelligent supervision platform, the driver’s driving behavior
and vehicle status are monitored during driving, and real-time risk evaluation is
performed. When the evaluation score is lower than the preset threshold, an alarm is
issued, and the same alarm will be given when there is high-risk unsafe and irregular
driving behavior. The specific methods are as follows.

Integrate historical data of drivers, companies, and fleets forweighted scoring, and
get the alarm threshold;Deduct points based onunsafe and irregular driving behaviors
during driving to obtain real-time risk values; Factors such as the environment, road
conditions, and vehicle types affect the severity of the risk. When the deduction
event is triggered, check the real-time environmental factors, calculate the deduction
coefficient, and determine the actual deduction value.

Trip risk evaluation. During the vehicle driving process, real-time safety moni-
toring and risk evaluation are performed to form a risk value curve. After the end of
this trip, the risk curve is integrated to calculate the trip risk value.

Driver evaluation. The unsafe and irregular driving behaviors during the trip are
counted, and the driver evaluation is updated based on the comprehensive calculation
based on the historical assessment.

Company evaluation. The driver’s unsafe and irregular driving behavior and the
handling rate of company alarm events are included in the overall statistical data of
the company, and the company evaluation results are calculated and updated.

Fleet evaluation. Based on the technical maintenance information, annual inspec-
tion information, as well as the failure and damage in operation, the vehicle manage-
ment score of the trip is calculated and weighted into the overall evaluation data of
the fleet, and the evaluation results of the fleet are updated.

37.5 Conclusions and Prospects

The systematic nature of road traffic safety shows the diversity of factors affecting
road traffic safety and the complexity of their interaction mechanisms. Based on
the analysis of traffic safety influencing factors, combined with the data collection
situation, this paper builds a multi-level active safety monitoring evaluation index
system. The evaluation of the driving risks of key operating vehicles, as well asmulti-
dimensional supervision objects such as drivers, enterprises and fleets, will help
improve the dynamic supervision of road transportation, regulate driving behavior,
and reduce the incidence of transportation safety accidents. In the next step, we will
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further refine and improve the index system and evaluation methods, conduct active
safety monitoring evaluation of real vehicles, and promote the practical application
of research results.
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Chapter 38
Research on Practical Training
Curriculum Management for English
Majors in Applied Undergraduate
Universities Based
on the “Production-Oriented Approach
(POA)”

Jing Yang

Abstract Production-oriented approach (POA) is a foreign language teaching
theory with Chinese characteristics created by Professor Qiufang Wen. Since its
establishment, it has received eager attention from foreign language experts and
teachers. This research explores the management of English training curriculum
based on the POA teaching concept through teaching practice, determines specific
English trainingprojects, and constructs anEnglish training teachingprocess oriented
by “drive-facilitate-evaluate.” A ten-week teaching experiment was conducted with
225 students from Grade Two of English major in Zhengzhou University of Indus-
trial Technology, an applied undergraduate university in China. The teaching design,
teaching plan and teaching process based on POA were demonstrated. Experiments
show that the management of English training curriculum based on POA teaching
concepts can help improve students’ comprehensive English language application
ability and creative thinking ability.

38.1 Introduction

After China’s accession to theWTO, more andmore foreign companies have entered
China, and Chinese enterprises are gradually going global. All of these put forward
new requirements for English majors. Due to the diversification of the demand for
foreign language talents in society, the single “foreign language + skills” talent
training model in the past can no longer meet the needs of the market economy and
the development of technology. Employers increasingly need to be applied under-
graduate universities to train and transport applied English talents with good English
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professional knowledge and skills, sound mind and body, excellent practical ability,
and high cultural literacy, which requires college English teachers to change teaching
ideas, to actively improve teachingmethods, and to train the intelligent talents needed
for society. The “Production-oriented Approach (POA)” is a learning theory and
teaching method specially designed for Chinese English learners in accordance with
social trend. In 2008, under the wave of reforms in English curriculum and teaching
methods, professorQiufangWen proposed the “Output-DrivenHypothesis” [1]; after
five years’ practice, it was gradually expanded to the field of college English teaching
in 2013; In March 2014, Professor Wen revised the original “output-driven hypothe-
sis” into “output-driven plus input-enabled hypothesis” at the academic seminar on
the development of college English teaching entitled “Situation, Goals, Ability, and
Strategy” [2]; In October of the same year, at “the 7th International Symposium on
English Teaching in China”, the theory was officially named “Production-Oriented
Approach/POA”. Professor Wen proposed to construct a theoretical system of POA
and distinguish the different meanings of “production” and “output”: “production”
includes not only the speaking and writing of “output,” but also interpretation and
translation [3]; the corresponding English is production, which emphasizes both the
producing process and the product. The “Production-Oriented Approach” is a chal-
lenge to the separation of learning and use. It takes production as the starting point for
teaching, inspires students’ learningmotivation and enthusiasm, and takes production
as the goal to apply what they learn, combine learning with applying, and promote
learning with application, highlighting the practicality of language. This theory has
brought improvements in concepts and methods to practical training curriculum for
English majors and has injected fresh blood into English practical teaching.

38.2 Application and Development of POA Teaching
Philosophy

“Production-oriented Approach (POA)” was developed by Qiufang Wen [1–4],
constructing a foreign language classroom teaching theory with Chinese character-
istics. After twelve years’ development, it has formed a complete theoretical system.
This theory inherits the fine tradition of education in China, draws on the essence
of foreign language teaching theories and practices abroad, and is based on solving
the problems of “emphasizing learning and neglecting application” or “emphasizing
application and neglecting learning” in foreign language teaching [3, 5–7] In 2015,
Qiufang Wen constructed a POA theoretical system based on the POA teaching
philosophy and the research results of her team (see Fig. 38.1).

As shown in Fig. 38.1, the teaching philosophy of POA includes “learning-
centered principle,” “principle of learning and applying as an organic whole,” and
“principle of whole person education,”; Teaching hypotheses include “output moti-
vating,” “input enabling” and “selective learning”; The teaching procedures consist
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Fig. 38.1 The theoretical system of POA

of three stages: “motivating,” “enabling” and “assessing”. Teachers play an inter-
mediary role in the whole teaching process [3]. In 2017, Professor Wen adapted the
POA teaching theory and added “promoting learning by evaluation” in the teaching
hypothesis, emphasizing the importance of evaluation and highlighting the leading
role of teachers (See Fig. 38.2).

The POA teaching theory explores the four Chinese characteristics of POA from
three perspectives: philosophical foundations, traditional Chinese education theories,
and related Western theories: (1) Integerate curriculum theory and second language

Fig. 38.2 The theoretical system of POA
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acquisition theory; (2) Always adhere to “practice is the only criterion to test truth”;
(3) Take a comprehensive approach to address the problem in light ofChina’s national
conditions; (4) Focus on the main aspects of teaching contradictions, and emphasize
the leading role of teachers [3]. The “Production-oriented Approach” put forward
by Professor Wen has promoted the new development of foreign language teaching
theory in China and pointed out the direction of foreign language practice teaching
in Chinese universities.

Some researchers have conducted speculative research on the theoretical system
of POA, for example, Qianying Xuan conducted a teaching reflection on the
“Production-oriented Approach” based on the speculative English course, and
provided research material for the future exploration of the teaching method of
cultivating the speculative ability of English majors [8]; Based on the theory of
critical thinking model and production-oriented approach, Bojia Wang researches
and analyzes the oral critical thinking class and finds that PEM critical thinking
model and POA model can help improve students’ overall critical thinking ability
and students’ argumentative essaywriting level [9]. Some teachers have also explored
the application of this theory in specific teaching practice, for example, Zhen Huang
discussed the feasibility of “Production-orientedApproach” inEnglishmajor reading
teaching [10]; Ruisi Zhang discussed the applied strategies of “Production-oriented
Approach” from three aspects: designing the overall thinking of teaching, devel-
oping cooperative learningmode, and designing specific tasks in reading teaching for
Englishmajors [11]; Yaru Fan tried the combined teaching of college English reading
and writing under the guidance of “Production-oriented Approach,” and suggested
that POA should be used as a new teaching method of combining reading teaching
with writing teaching to improve classroom teaching effects [12]. In addition, by
combining the teaching concept of “Production-oriented Approach,” some teachers
and scholars have changed the traditional English teaching and constructed a new
English teaching and learning model, for example, Chunhua Ren, Haiyan Li started
with the teaching concept and teaching process of “Production-oriented Approach,”
and explored the English speaking teaching in independent college based on POA,
believing that the “Production-oriented Approach” is beneficial to change the tradi-
tional teaching concept of oral teaching [13]; Yu Xu built a production-oriented
blended learningmodel throughwriting teaching experiments andprovidednew ideas
for improving the university blended English teaching[14]. Previous researches show
that POA can effectively improve students’ listening, writing and speaking ability,
and promote students’ all-round development; POAhelps to fully develop the “poten-
tial” of high-quality English resources among students, so as to meet the country’s
demand for high-end foreign language talents; POA can enhance students’ motiva-
tion and confidence in English learning [15]. From the previous researches, it can be
seen that POA is mostly applied to reading teaching, writing teaching, oral teaching,
etc., and few scholars apply it to practical English teaching. This study combines
POA teaching process with English practical teaching so as to build an English
training module teaching system suitable for student development. It is planned to
conduct research from the following two questions: Howdo teachers build an English
training course management model based on the POA teaching concept? Does the
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English training curriculum management based on the POA teaching philosophy
help students improve their comprehensive application ability of English language?

38.3 Management Mode of Practical Training Curriculum
for English Majors

With the rapid development of our country’s economy, the society’s demand for
applied talents is gradually increasing. Students must have both good profes-
sional standards and high professional skills. Therefore, English majors should start
from the perspective of application, return to the standard for English majors, and
strengthen the construction of professional connotation. In order to further strengthen
practical teaching, increase the construction of practice systems at home and abroad,
inside and outside the school and inside and outside the classroom, cultivate students’
innovative andpractical ability, it is important to create anEnglish training curriculum
management model that is compatible with professional training goals for English
majors in applied-oriented universities.

38.3.1 Position Quasi-Professionals and Formulate
a School-Based Talent Training Model

Taking Zhengzhou University of Industrial Technology as an example, according to
the needs of national transformation and development and the orientation of applied-
oriented universities, the School of Foreign Languages accurately grasps the profes-
sional positioning, and the English major has formed a modular application-oriented
talent training mode system, that is “to train students to have a solid English based on
the basic theory, basic knowledge, and basic skills of language,with business, transla-
tion and English education as the training direction, focusing on cultivating students’
core literacy, innovative practical ability and speculative ability” and formulated the
corresponding talent training program.

38.3.2 The Curriculum is in Line with the Talent Training
Program

In accordance with the National Standard for Undergraduate Specialty Teaching
Quality in Institutions of Higher learning (hereinafter referred to as the National
Standard), the talent training program and discipline training objectives for English
majors, the practical training course system shall be set up reasonably. The National
Standard stipulates that the curriculum system includes five parts: general education
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curriculum, professional core curriculum, training orientation curriculum, practical
teaching link and graduation thesis. It can be seen that practical teaching is an impor-
tant part of English curriculum system. As an application-oriented university, the
curriculum of English major in Zhengzhou University of Industrial Technology pays
more attention to the relationship between language skill training and professional
knowledge teaching, course teaching and practical teaching, and highlights the culti-
vation of ability and professional knowledge construction, especially the cultivation
of students’ communicative ability, critical thinking ability and innovative ability.

By setting up real and effective modular project training, practical English
teaching can fully arouse the enthusiasm of students and stimulate their innova-
tive thinking, so that students can actively construct new knowledge in the process
of completing each “output” task, and improve their comprehensive English applica-
tion ability through skills competitions such as esthetic article recitation and English
speech.

In addition to improving language skills, English practical training courses
combine business, tourism, translation, education and other interdisciplinary knowl-
edge fields to meet the needs of versatile and diversified talents training, and pay
more attention to elastification, flexibility, inclusiveness, and rationality.

38.3.3 Multiple Subjects Participate in Curriculum
Management

Curriculummanagement is “the organization, leadership, supervision and inspection
of curriculum compilation, implementation, and evaluation; it is jointly implemented
by the education administrative department of the central government, the education
administrative department of the local government, and the school functional depart-
ments and teaching institutions” [16]. Many courses of English majors have both
theoretical and practical characteristics. Such courses require students to master
certain language theory knowledge, and also participate in activities of relevant
language practice. This requires enterprise personnel and school leaders, teachers and
students to participate in the management of practical training courses and teaching
design, and then participate in practical teaching according to the respective expertise
of school and enterprise tutors.

Therefore, English training curriculum management can be defined as: under
certain social conditions, multiple subjects participate in the process of supervising
the implementation of the training curriculum.
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38.4 English Professional Training Curriculum
Management Under the Guidance of POA Teaching
Philosophy

The practical training course for English majors pays attention to the cultivation of
students’ application ability and innovation ability, and forms a classroom teaching
modewith students’ independent learning as the center, teachers’ classroom teaching
as the guidance, classroom teaching activities as the carrier, ability cultivation as the
goal and moral education as the orientation [17].

38.4.1 Identify Teaching Goals

As far as teaching goals are concerned, POA not only takes output as the starting
point to drive students’ enthusiasm for learning, but also takes output as the goal
to apply what they have learned. In terms of teaching methods, it emphasizes the
role of output activities in language learning and realizes the docking of input and
output [6]. The POA teaching philosophy provides new course management goals
and teaching ideas for the English major training courses.

First, the English professional training courses take the students’ target positions
and the application function of language expectations as the core, use the POA
“outputmotivating” teaching hypothesis, and through the implementation ofmodular
training teaching tasks, minimize the time span and increase students’ information
intake [18].

Second, using POA“input enabling” teaching hypothesis, organize a large number
of relevant languagematerials and language scenarios, optimize students’ knowledge
structure, and strengthen the cultivation of students’ practical English skills for future
posts.

Third, construct a scientific and reasonable English professional training teaching
system based on the three stages of the POA teaching process: “motivating,”
“enabling” and “assessing,” which fully reflects the teaching pertinence and
adaptability in compliance with social needs, job requirements and personalized
learning.

38.4.2 Optimize Teaching Content

Guided by the theory of “production-oriented approach,”, the English practical
training course gives full play to the maximum effect of the practical training project
in the limited time, so that the learning and application can be effectively connected
and the maximum effect of “production” can be achieved.
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In terms of teaching content arrangement, according to the requirements of the
Syllabus of English Major in Colleges and Universities, it cultivates students’ ability
to acquire and apply knowledge, to analyze and solve problems, to put forward
opinions independently and to innovate thinking.

While strengthening the training of language skills, it also pays attention to the
cultivation of practical teaching and application ability, and highlights the integration
of language and culture, translation, business and other fields. At the same time, the
ideological and political elements of the curriculum are integrated into the classroom
teaching, and the practical training content is organically combined with ideolog-
ical and political education to give full play to the moral education function of the
curriculum.

38.4.3 Determine the Teaching Object

This study takes Zhengzhou University of Industrial Technology as an example. The
teaching objects are 225 English majors of the school. The teaching experiments
are conducted in the form of training groups. Each training group consists of 20–
30 students, guided by an English teacher. At the end of each training program,
as a unit of the training group, students will participate in the English sitcoms,
English speeches, English songs, English vocabulary, English film dubbing, and
other competitions organized by the school, forming an English learning atmosphere
of “promoting learning by competition,” so as to improve students’ “production”
outcomes.

38.4.4 Enrich Teaching Methods

In the process of teaching, teachers should constantly reform teaching methods,
enrich teaching approaches, actively carry out teaching research and explore teaching
rules.

The practical classroom teaching adopts a combination of role-playing, script
creation, film dubbing and other teaching methods, actively utilizes modern teaching
methods and technologies, and establishes a school campus network and Chinese
University Massive Open Online Courses (MOOC) as a platform, multimedia tech-
nology and online communication technology as the core of modern teaching means,
so as to provide convenience for students to carry out independent learning and
make use of POA “output-driven hypothesis” to fully mobilize students’ learning
enthusiasm, initiative and creativity.
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38.5 Implementation Plans of Practical Training
Curriculum for English Majors Based on the POA
Teaching Philosophy

This research explores the management of English training curriculum based on
POA through teaching practice, so as to achieve the purpose of improving students’
ability of English language application and cultivating students’ innovative ability.
Specifically, it was implemented through the following aspects.

38.5.1 Ways of Thinking and Methods

First, on the basis of an in-depth grasp of relevant domestic and foreign research,
combined with the characteristics of practical teaching for English majors, the
research probes into the theoretical basis of practical English teaching through
convening seminars with relevant experts and scholars, and formulates a feasible
teaching plan of practical training module.

Second, the experimental teaching is conducted in a planned way. The teaching
object is 225 English majors in the second year of the university. The experiment
time is 10 weeks and 2 periods per week. The teaching process focuses on cultivating
students’ learning and research abilities, with students as the main body and teachers
as the leading role, creating realistic practical situations as much as possible, so as
to make students form job competition and career development skills in practice.
At the same time, various forms of task-centered teaching activities are carried out.
While strengthening basic training, use heuristic, discussion, discovery and research
teaching methods to fully mobilize students’ enthusiasm for learning and get the
most out of the learning process.

Third, conduct planned and staged questionnaires, interviews and tests for
students. At the same time, targeted questionnaires and interviews were conducted
on teachers, and comprehensive data and materials were collected in combination
with classroom observations. Finally, the data will be analyzed in both quantitative
and qualitative ways. Through questionnaires and interviews, the influencing factors
that are closely related to the development of students’ comprehensive ability to use
English. The questionnaires were distributed to 225 English majors who participated
in the teaching experiment. The interviewees were 10 student representatives who
had significantly improved their comprehensive ability to use English and 10 who
had hardly improved after the training module. The interview centered on the results
of the questionnaire survey to further understand the impact of various factors on
students’ comprehensive English ability.
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38.5.2 Steps of English Practical Teaching

First, use the POA teaching philosophy as a guide to set the direction and overall
objectives of English practical classroom teaching.

POA “principle of learning and applying as an organic whole” advocates that in
classroom teaching, all language teaching activities are closely connected with appli-
cation, so that there is no boundary between “learning” and “using,” and “learning”
is integrated with “using.” It has changed the disadvantages of “teaching materials
center,” “text first” and “separation of learning and application” in traditional class-
room teaching practice. English training module teaching is just complementary to
this theory. Each module is closely related to the actual scenes in life, which greatly
improves students’ enthusiasm in participating in activities.

Second, determine specific English training projects and construct an English
training teaching process oriented by “motivating-enabling-assessing”.

In the teaching process, different from the traditional teachingmethod, it identifies
specific English training programs according to three specific links of “motivating,”
that is, the teacher presents the communicative scene, the student tries to produce,
and the teacher explains the teaching goal and the output task. Through the POA
“input enabling” hypothesis, English training cooperative groups are established, in
which students can learn selectively, solve problems together, and achieve “enabling”
in the process. Finally, the POA “assessing” model is adopted to test the students’
outcomes (See Fig. 38.3).

In the modular teaching of practical training, the teacher determines the appro-
priate output target and the corresponding output task, and designs the “output” scene
around the target and task, which is used to stimulate students’ motivation of learning
input, so that students will always have “hunger” in the process of participating
in activities and unconsciously try new communicative goals. When encountering
problems, team members participate in and actively solve them together. The final
completion of the output task stimulates a new round of output driven. As shown
in Fig. 38.3, in the process of practical English training teaching, the three stages

Fig. 38.3 Practical English teaching process under the guidance of POA
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of “motivating-enabling-assessing” are mutually cyclic processes, which are closely
linked with each other, both restricting and contributing to each other.

Third, on the basis of the first two steps, use “POA teacher-student cooperation
evaluation” to innovate a new model of training classroom evaluation.

Evaluation is an intensive and in-depth stage of learning, and a good evaluation
mode can encourage students to conduct targeted review in the previous stage and
preview in the next stage, so as to develop good learning habits. “POA teacher-student
cooperation evaluation” includes three stages: before class, in class and after class.
Teachers and students participate in the whole process of evaluation [5]. That is,
before class, teachers conduct detailed approval of the typical samples, teachers and
students jointly evaluate the typical samples in class, and after class students modify
and improve the samples according to the evaluation results.

Based on the concept and steps proposed in the “POA Teacher-student coopera-
tive evaluation,” English practical training class should first set a clear and accessible
evaluation goal, let students actively participate in the evaluation, and teachers’ “eval-
uation” and “instruction” are combined to guide students to find and solve problems,
so as to achieve the goal of “promoting learning by evaluation.”

38.5.3 Presentation of Training Outcomes

English training module teaching is a necessary means for cultivating application
ability and operational skills, and it is an important link to transform “knowledge”
into “ability.” After the training, the School of Foreign Languages creates a platform
for each training group to display learning results. Each group selects representatives
to display the results of various training projects on the teaching platform or online
platform, such as giving an English speech, singing an English song, reading a good
English article, telling an English story, performing an English sitcom or perform
movie dubbing, role playing, etc. Teachers and other team members evaluate the
displayed works, propose problems and suggestions for improvement, and name a
number of different awards, such as the best performance award, the best singer
award, the best dubbing award, and the best team award.

The outcome presentation provides students with a platform to give full play to
their talents and creativity, and exercise their oral English expression, which greatly
improves students’ enthusiasm and confidence in learning, and their independent
thinking ability and group cooperation ability. The teacher supplements and summa-
rizes the learning of the students bywatching the “works” of the students, summarizes
the key content of each training project, and helps the students have an overall under-
standing of the knowledge they have learned so as to better understand andmaster the
knowledge they have learned. By transferring knowledge between various training
projects, the core literacy of students has been cultivated, and their comprehen-
sive English language application ability and innovative thinking have been further
improved.
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38.6 Conclusion

English majors in application-oriented universities must clarify the training objec-
tives of professional talents, establish and improve the management mechanism
of English teaching, and constantly innovate the management mode of practical
teaching process; carry out discipline competitions and practical activities closely
related to the major, enhance students’ comprehensive quality and improve their core
literacy; continuously improve teaching quality, and cultivate qualified innovative
application-oriented talents for the society.

Based on the development and discipline orientation of English majors in
application-oriented universities and according to the requirements of professional
talent cultivation and the division of course modules, this study constructed a prac-
tical training course management model for English majors based on POA teaching
philosophy, and formulated a specific course implementation plan. Through the
model of “POA teacher-student cooperation evaluation” and the demonstration of
students’ learning results, the effectiveness of POA teaching philosophy on practical
teaching of English majors is proved, and students’ comprehensive English language
application ability is improved and English practical teaching is optimized.

Acknowledgements This paper is funded by the key project of 2020 National Social Science
Foundation “A Study on the Diversity and Mutual Assistance of Undergraduates’ English Learning
from the Perspective of Educational Ecology” (Project number: 20AYY015) and the key project
of 2019 Research and Practice of Educational and Teaching Reform in Zhengzhou University
of Industrial Technology “Research on English training Module Teaching based on ‘production-
oriented approach’” (Project number: JG-190109).

Thanks for professor Qiufang Wen’s consents for using her theoretical system of POA as this
paper’s theoretical framework.

References

1. Wen,Q.F.: Output-driven hypothesis and english professional skills curriculum reform. Foreign
Lang. World 2, 2–9 (2008)

2. Wen, Q.F.: Output-driven-input-facilitated hypothesis: an attempt to construct the theory of
college foreign language classroom teaching. China Educ. 7(2), 3–12, 98 (2014)

3. Wen, Q.F.: Constructing a theoretical system of production-oriented approach. Foreign Lang.
Teach. Res. 47(04), 547–558, 640 (2015)

4. Wen, Q.F.: Chinese characteristics of production-oriented approach. Modern Foreign Lang. 3,
348–358 (2017)

5. Wen, Q.F.: Teacher-student cooperation evaluation: a new evaluation form created by the
production-oriented approach. Foreign Lang. Circle 05, 37–43 (2016)

6. Zhang, W.J.: College english classroom teaching practice based on production-oriented
approach. Foreign Lang. Foreign Lang. Teaching 2, 106–114 (2016)

7. Wen, Q.H.: Research on the blended teaching reform of production-oriented” professional
English: examination and evaluation. Univ. English Teaching Res. Edn. 04, 7–13 (2018)

8. Xuan, Q.Y.: Reflection on the teaching of speculative English course based on the production-
oriented approach. Contemp. Educ. Pract. Teaching Res. 23, 155–156 (2018)



38 Research on Practical Training Curriculum Management … 323

9. Wang, B.J.: Empirical research on the feedback of oral argumentation teaching on argumenta-
tivewriting: based on the criticalmodel andproduction-oriented theory. ForeignLang.Teaching
40(05), 51–56 (2016)

10. Huang, Z.: The feasibility study of the production-oriented approach in English reading
teaching. J. Jiangsu Sec. Normal Univ. 8, 115–119 (2015)

11. Zhang, R.S.: Research on the teaching practice of English majors based on the production-
oriented approach. English Teacher 1, 44–47 (2017)

12. Fan, Y.R.: An attempt to combine reading and writing in college English under the guidance
of production-oriented approach. New West (Theory Edn.) 02, 132–133 (2017)

13. Ren, C.H., Li, H.Y.: Research on college Englishwriting teaching based on dynamic assessment
model. Heilongjiang Sci. 17, 146–147 (2017)

14. Xu, Y.: Research on production-oriented blended learningmodel. Cult. Educ. Data 32, 219–221
(2019)

15. Zhang, L.L.: Research on teaching effectiveness of production-oriented approach. Modern
Foreign Lang. 40(03), 369–376, 438 (2017)

16. Gu, M.Y.: Dictionary of Education. Additional Shanghai Education Press, Shanghai (1998)
17. Huang, Y.Y.: Connotation analysis of college English teaching mode in newly-built under-

graduate colleges after application-oriented transformation. Sci. Technol. Econ. Market 12,
248–249 (2015)

18. Guo, J.H.: Modular practical training course design and English application-oriented talent
training. China Higher Med. Educ. 09, 74–76 (2009)



Chapter 39
The Influence of Ripple Depth and Ripple
Taper on Bandwidth and Centre
Frequency Shift Operating at Terahertz
Frequency in a Coaxial Bragg Structure

Xue Yong Ding, Hong-rui Su, Lei Qiang, and Lian-sheng Wang

Abstract Based on the mode-coupling method, comparative study is carried out
for the influence of different ripple depths and different ripple angles on bandwidth
and centre frequency shift characteristics operating at THz high-frequency coupling
mode. The results show that the bandwidth of the working mode and the competing
mode increases with the increase of the slot depth, but the centre resonance frequency
almost does not shift; With the increase of the slope angle, the centre frequency of
the working mode almost does not shift, while the centre frequency of the competing
mode will be far away from the centre frequency of the working mode, and the
farther the deviation is with the increase of the slope angle. These characteristics are
conducive to better suppress the band gap overlap and construct the Bragg structure
with single high-order mode at THz frequency.

39.1 Introduction

The bandgap or passband formed by the frequency selective characteristics of peri-
odic boundary conditions of the Bragg structures can be used to fabricate reflec-
tors, filters and mode converters [1, 2]. For example, it is an important part of the
Bragg resonator as a reflector, which is widely used in the cyclotron resonance maser
(CARM) and free-electron laser (FEL) working at THz frequency [3–11]. Compared
with cylindrical structure, the coaxial Bragg structure is more conducive to high-
power microwave system and it can be designed to work in a larger size, which is
convenient formachining and power capacity improvement and is conducive tomode
selection. Two or more coaxial Bragg structures can form the Bragg cavity. In order
to form standing wave oscillation in the cavity with its working centre frequency, the
appropriate structural parameters can be selected by design, to minimize the influ-
ence of competitionmode andmaximize the reflectivity of the centre frequency of the
working mode. It is found that the frequency band width of working mode frequency
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response directly affects the starting vibration of the electromagnetic wave, and the
wider the bandwidth is, the more favourable it is to start vibration [5].

In coaxial Bragg reflectors, not only does the initial phase difference of the inner
and outer conductors have an influence on the centre frequency and bandwidth, but
also the ripple depth and ripple taper of the corrugated groove also have an influence
on the bandwidth and central frequency [12–16]. In this paper, the influence of
ripple depth and negative ripple taper on bandwidth and centre frequency shift will
be studied.

39.2 Theory Model

Figure 39.1 shows the longitudinal-sectional view of a coaxial Bragg structure with
sinusoidal ripple [17, 18]. The research shows that negative taper that is shown in
Fig. 39.2 hasmore obvious advantages than positive taper [12, 13, 15, 16]. Therefore,
in this paper, we only study the negative-taper ripples structure.

The corresponding frequencies are the upper cut-off frequency fhc and the lower
cut-off frequency flc, respectively. The 3 dB bandwidth schematic diagram is shown
in Fig. 39.3.

The centre frequency shift � f is the absolute value of the difference between the
ideal centre frequency f0 and the actual centre frequency f

′
0 of the coaxial Bragg.

�f =
∣
∣
∣ f0 − f

′
0

∣
∣
∣

Based on the coupled-mode theory, a FORTRAN programme code is performed
to evaluate the Influence of ripple depth and negative ripple taper on bandwidth and
centre frequency shift. For the coaxial Bragg reflector in the working mode, when
the initial phase δϕ=|ϕin − ϕout | = π , the mixture spectrum of the working mode

Fig. 39.1
Longitudinal-sectional view
with sinusoidal ripples
structure
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Fig. 39.2 The profile with
negative-taper structure

Fig. 39.3 3 dB bandwidth
diagram

Peak

flc f0 fhc

Bandwidth

-3dB

and the competition mode can be effectively separated, and the high reflectivity can
be obtained [17, 18]. Therefore, the initial phase is set to π .

39.3 The Influence of Ripple Depth and Ripple Taper
on Bandwidth and Centre Frequency Shift

Since higher-order mode operating at the THz frequency may have potential appli-
cation in the CARM [11, 19, 20], as an example, we assume that the incident mode
TE6,1 with the central frequency being 0.35 THz is the desired working mode, and
a0 = 10 mm, b0 = 7.0 mm, lout = lin = 0.01 mm, pb = 0.43 mm, L = 85.57 mm,
and the initial phase δϕ=|ϕin − ϕout | = π , respectively.

Figure 39.4 plots the reflectivity versus the frequency with different ripple depths.
It is shown that in the THz frequency coupling mode, when the Hamming window
is not loaded, changing the ripple depth has an impact on both the working mode
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Fig. 39.4 Frequency
response characteristics with
the ripple depths are
0.01 mm, 0.015 mm,
0.020 mm, 0.025 mm,
respectively

TE6,1 and the competition mode TM6,2. The bandwidth of TE6,1 and TM6,2 frequency
response will gradually widen with the deepening of the ripple depth, and the centre
frequency point will not shift. However, the reflectivity will gradually increase with
the increase of ripple depth, and the band gap overlap will also worsen. No matter
whether the Hamming window is loaded or not, the reflectivity of the TM6,2 is less
affected than the TE6,1 mode. Therefore, in the THz frequency coupling mode, ripple
depth and the adding window technology should be selected according to the actual
needs. Figure 39.5 shows that the bandwidth change of the competing mode TM6,2

is larger than that of the working mode TE6,1 with the increase of ripple depth.
The performance of the coaxial Bragg structure as reflector or filter can be

improved after adding negative-taper ripples [12, 13, 15, 16]. For the THz frequency
coupled-mode structure, it can be seen from Figs. 39.6, 39.7 and 39.8 that the band-
width of the working mode TE6,1 and the competitive mode TM6,2 will gradually
widen with the increase of gradient angles. However, the bandwidth of TM6,2 in
competition mode changes greatly. The centre frequency shift of working mode
TE6,1 is small, but the centre frequency point of TM6,2 in the competition mode will
shift to larger frequency, far away from the centre frequency point of working mode
TE6,1, which is conducive to the suppression of band gap overlap, and its reflectivity
is close to 1. Therefore, in order to suppress the overlap of band gap, weaken the



39 The Influence of Ripple Depth and Ripple Taper on Bandwidth … 329

Fig. 39.5 Relationship
between the ratio of ripple
depth to ripple period and
3 dB bandwidth operating at
0.35 Thz
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Fig. 39.6 Frequency
response of the reflectivity
with negative-taper ripples
with the gradient angles are
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influence of competition mode and improve the selectivity of operation mode, we
should choose the negative-taper ripples structure with larger gradient angle as far
as possible, and set the appropriate gradient angle according to the needs.

Whether it is the change of ripple depth or the gradient angle, the windowing-
technique can suppress the residual side-lobes, and they can also affect the reflectivity.
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Fig. 39.7 Relationship
between the different
gradient angles and 3 dB
bandwidth operating at
0.35 Thz in the coaxial
Bragg reflector
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Fig. 39.8 Relationship
between the different
gradient angles and the
centre frequency shift
operating at 0.35 Thz in the
coaxial Bragg reflector
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39.4 Conclusions

Based on the mode-coupling theory and the FORTRAN programming language,
the influence of different ripple depth and the different ripple angle on bandwidth
and centre frequency shift characteristics operating at THz high-frequency coupling
mode are compared and studied. By using Originlab drawing software to analyse the
data, two conclusions are drawn as follows:

(1) With the increase of ripple depth, the bandwidth of working mode and compet-
itive mode is increasing gradually, but the increasing trend of working mode
bandwidth is faster than that of competitive mode, and their centre frequency
almost has no shift;

(2) The bandwidth of both working mode and competition mode is gradually
widened with the increase of gradient angle, however, the change of bandwidth
of working mode is not obvious in competition mode. The change of gradient
angle has no effect on the centre frequency shift of working mode but has great
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influence on competition mode. With the increase of the gradient angle, the
centre frequency shift of competition mode is larger.

Therefore, the performance of coaxial Bragg structure as reflector or filter can be
widenedby selecting the ripple depth andgradient angle according to the actual needs,
to ensure the feasibility of the high-order single-mode operation of coaxial Bragg
structure. These characteristics can optimize the mode selectivity and mode purity,
to ensure the stable start-up of the operating mode. Therefore, it has great advantages
and application prospects in high-power CARM or FEL oscillators operating at THz
band.
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Chapter 40
Outage Performance of Two-Stage Relay
Selection in Overlay CR-NOMA
Networks

Jianquan Yang, Yucheng He, Menghuan Ma, Shuting Wu, and Lin Zhou

Abstract The non-orthogonal multiple access (NOMA) technology combined with
cognitive networks, can significantly improve the performance of the system. In
this paper, we study the two-stages of relay selection strategy of overlay cogni-
tive nonorthogonal performance effects of multiple access network in the model,
considering the secondary network mainly provide relay to help decode forward
information to obtain authorization spectrum access to cognitive relay after primary
and secondary source node reception at the same time, using successive interfer-
ence cancelation (SIC) strategy to decode and forward the superposition signal. The
outage probability closure expression of the system under the two-stage relay selec-
tion strategy is derived, analyzes the relay numbers and distribution of factors that
affect the performance of the system. The theoretical results are verified by Monte
Carlo simulation.

40.1 Introduction

The combination of non-orthogonal multi-access and cognitive radio technology,
known as CR-NOMA network, can improve spectrum efficiency and realize intel-
ligent spectrum sharing [1]. Im and Lee [2] study the interrupt performance of the
underly cognitive NOMA network under the condition of the imperfect successive
interference cancelation.

In [3] and [4] discussed that in the overlay CR-NOMA network, the secondary
source node helps the primary user to transmit information as a relay and obtains
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authorized spectrum as a reward. Meanwhile, NOMA principle is used to superposi-
tion, decode and forward the secondary user information and the primary user infor-
mation. At the receiving end, SIC technology is adopted to obtain the desired signal.
In the scene of Massive Machine Type Communications (mMTC), a large number
of sensors and Massive machine terminal equipment can relay to each other. The
relay technology maximizes the spectrum utilization rate and extends the coverage
of the network [5]. Li et al. [6] analyzes the influence of partial relay selection
strategy on the performance of downlink cooperative CR-NOMA network, and veri-
fies the influence of relay number and power allocation factor on the secondary
network by deducing the closed expression of secondary network interrupt proba-
bility. Ding et al. [7] consider a downlink collaboration NOMA network. The article
through two stages of relay selection strategy is derived under the interrupt probability
of NOMA network compared with traditional maximum minimum relay selection
strategy, the results show that compared with the traditional two-stage relay selection
strategy for better diversity gain at the same time, reduce the interruption performance
based on the above research, this paper presents a two-stage relay selection strategy
affect the performance of cognitive NOMA overlay network interruption, the system
outage probability closed expression, and the simulation results are compared to
performance.

40.2 System Model

Figure 40.1 shows an overlay CR-NOMA network. (primary user network (PUN))
includes a primary transmitter PT and a primary user (PU), secondary user network
(SUN) includes a secondary transmitter ST and N secondary relays {Rn}Nn=1 and
a secondary user SU. PT is far from PU, so the relay of SUN is needed to help
PUN communicate. In return, SUN allows access to PUN’s authorized spectrum and
gets the transmission opportunity of x2. PUN has priority decoding right in order to

Fig. 40.1 System model
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achieve communication reliability. We assume that there is no direct link between
the source node and the destination due to physical obstacles or adverse channel
conditions. It is assumed that all nodes in the network are equipped with a single
antenna and operate in half duplex mode. All channels experience independent and
identically Rayleigh fading.

In the first slot, PT, ST, respectively, send signals x1, and to all relay nodes simul-
taneously. Relay always decodes signal x1 by treating signal x2 as noise and performs
SIC to decode x2 at receiver according to NOMA principle. Therefore, the received
signal at relay is given by

yRn
= hPR

√
PT x1 + hSR

√
PSx2 + nr (40.1)

The signal to interference plus noise ratio (SINR) to decode x1, x2 at is given by

γR→x1 = ρT |hPR|2
ρS|hSR|2 + 1

(40.2)

γR→x2 = ρS|hSR|2 (40.3)

where PT and PS are the transmit power of PT, ST , respectively. Assume that the
channel coefficients is denoted as hPRhSR , which are modeled as an independent
circularly symmetric complex Gaussian random variable having mean zero and vari-
ance λPR, λSR .nr represents Additive White Gaussian Noise (AWGN) at the relay,
nr ∼ CN (0, σ 2

R),We define ρS = PS/σ
2
R, ρT = PT /σ 2

R .
In the second time slot, the selected Relay subset Rn can Successfully decode

primary and secondary signal, and forward superposition signal xRN = √
α1PRx1 +√

α2PRx2 to PU and SU. The SINR to decode signal at PU and SU is given by

γPU→x1 = α1ρR|hR1|2
α2ρR|hR1|2 + 1

(40.4)

γSU→x1 = α1ρR|hR2|2
α2ρR|hR2|2 + 1

(40.5)

γSU→x2 = α2ρR|hR2|2 (40.6)

where PR is the power of relay, assume that the channel coefficients are denoted
as hR1, hR2,which are modeled as an independent circularly symmetric complex
Gaussian random variable having mean zero and variance λR1, λR2.

Denote ρR = PR
σ 2 , σ 2

R = σ 2
PU = σ 2

SU = σ 2.
Two-stage relay selection scheme (TSRSS) achieves both goals at once, One is

to ensure the realization of PU target rate, and the other is to provide the maximum
rate for SU of secondary users. The first phase is to build the following relay subsets
by focusing on the user PU target rate:
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sr =
{
n : 1 ≤ n ≤ N

γR→x1 ≥ ξ1, γPU→x1 ≥ ξ1, γSU→x1 ≥ ξ1

}

(40.7)

Denote ξ1 = 22R1 − 1, R1 is the target rate of signal x1. The second stage is to
select a relay in the constructed stepson set that can maximize the SU rate:

R∗
n = argmax

n

{
min(γR→x2 , γSU→x2), n ∈ Sr

}
(40.8)

40.3 Performance Analysis

In this section, we will analysis the outage probability achieved by the two-stage
relay selection scheme. The �1 denotes unable to build relay subset。�2 denotes x2
could not be correctly decoded by the selected optimal relay or secondary user If the
relay subset is successfully built. Therefore, the outage probability can be written as:

P(�) = P(�1) + P(�2) (40.9)

When α1 − ξ1α2 > 0, P(�1) can be calculated as follow:

P(�1) = P(|Sr | = 0) =
N∏

n=1

[1 − (θ2e
−θ3)(e− θ1

λR1 )(e− θ1
λR2 )] (40.10)

Or, P(�1) = 1, denote θ1 = ξ1
ρR(α1−ξ1α2)

θ2 = λPRρT

ξ1ρSλSR+λPRρT
θ3 = ξ1

λPRρT
.

When |Sr | > 0, we define xn = min(γR→x2 , γSU→x2) and xn∗ =
max{xi ,∀i ∈ Sr }.

P(�2) can be calculated as follow:

P(�2) =
N∑

l=1

P(xn∗ < ξ2||Sr | = l )P(|Sr | = l) (40.11)

where ξ2 = 22R2−1, R2 Is the target rate of signal x2.
Define F(
2) as the first probability on the right side of this equation. The

probability F(
2) can be expressed as follow:
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F(
2) = P
{
min(γR→x2 , γSU→x2) < ξ2|n ∈ Sr , |Sr | 
= 0

}

=

P
{
min(γR→x2 , γSU→x2) < ξ2, γR→x1 ≥ ξ1, γSU→x1 ≥ ξ1

}

︸ ︷︷ ︸
�1

P
{
γR→x1 ≥ ξ1, γSU→x1 ≥ ξ1

}

︸ ︷︷ ︸
�2

(40.12)

�2 can be expressed as:

�2 = P
{
γR→x1 ≥ ξ1, γSU→x1 ≥ ξ1

} = 1

λR2
θ2e

− (θ3λR2+θ1)

λR2 (40.13)

Assume that �1 = �3 + �4.
For k2 > k1, the probability of �3 and �4 can be calculated as follow:

�3 = θ2e
−θ3(1 − e− (λPRρT +ξ1ρSλSR )ξ2

λSRλPRρT ρS )e− k2
λR2ρR +

θ2e
−θ3

{
(e− k1

λR2ρR − e− k2
λR2ρR ) + θ2ς1(e

− (α2ρRλR2+λSR θ2ρS )k2
λSR θ2ρSλR2ρR − e− (α2ρRλR2+λSR θ2ρS )k1

λSR θ2ρSλR2ρR )
}

(40.14)

�4 = θ2
2 ς1e

−θ3

{
e− (λSR θ2ρS+α2ρRλR2)k1

λR2λSR θ2ρSρR − e− (λSR θ2ρS+α2ρRλR2)k2
λR2λSR θ2ρSα2ρR

}
(40.15)

where ς1 = λSRρS

(α2ρRλR2+λSRθ2ρS)
and k1 = ξ1

(α1−α2ξ1)
, k2 = ξ2

α2
.

Therefore, the overall outage probability can be expressed as:

P(O) =
N∑

l=0

(
N

l

)

(F(
2))
l [1 − ]N−ll (40.16)

40.4 Numerical Results

In this section, the outage performance of CR-NOMA network under Rayleigh
channel is verified by simulation. System parameters are set to λSR = λR2 = 2,

λPR = λR1 = 1,R1 = 0.8 bit/s, R2 = 1.5 bit/s. Pr = 20 dBm, PS = 20 dBm.
Figure 40.1 shows that two-stage relay selection strategy can significantly reduce

the outage probability of CR-NOMA network with the increase in the number of
relays. The results are verifiedbyMonteCarlo simulation. InFig. 40.2, it describes the
effect of the power allocation factor on the interrupt performance of the system, and
we obtain the optimal power allocation factor assigned to the main signal (Fig. 40.3).
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Fig. 40.2 The relationship
between system outage
probability and the number
of relays

Fig. 40.3 Relationship
between system outage
probability and power
distribution factor

40.5 Conclusion

This paper considered the effect of two-stage relay selection strategy on the perfor-
mance of overlay CR-NOMA network. The closed expression of system outage
probability is derived and verified by simulation. The results show that the system
performance can be improved by increasing the number of relays and selecting the
appropriate power distribution factor.
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Chapter 41
Outage Probability for CR-NOMA
Systems with Imperfect SIC Under
Two-stage Relay Selection Scheme

Liangmei Zhang, Yucheng He, Linsen Yi, and Lin Zhou

Abstract In this paper, we investigate the outage probabilities of secondary destina-
tion nodes in cognitive radio non-orthogonal multiple access (CR-NOMA) systems
with imperfect successive interference cancellation (SIC) under two-stage relay
selection scheme (TSRS). CR-NOMA technology, which integrated with cognitive
radio andNOMA, can significantly raise the level of spectrumutilization and improve
the system performance. On the other hand, in order to enhance the secondary
network performance, lots of relay nodes are implemented in the secondary network
to cooperate and relay the message of users to the secondary users. Considering
imperfect SIC at receiver, we derive accurate outage probabilities expressions of
secondary destination nodes in the case of all channel coefficients in this system are
subjected to Rayleigh distribution. We discuss the effects of imperfect SIC factor,
interference temperature constraint, and the maximum transmit power on the system
outage performance thoroughly. The relevant simulation results verify the derived
expressions of the outage probabilities are in great consistent with Monte Carlo
simulation results.

41.1 Introduction

With the development of wireless network application scenarios (e.g., Internet of
things (IoT) and massive machine-type communication (mMTC)), the next genera-
tion wireless communication technology has higher requirements for spectrum effi-
ciency and users’ quality of service (QoS). Non-orthogonal multiple access (NOMA)
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is regarded as a significant candidate for the next generation wireless communi-
cation [1]. Different from the traditional orthogonal multiple access (OMA) tech-
nology, NOMA can accomplish multiplexing on different resource blocks (e.g.,
time/frequency), which greatly improves the spectrum efficiency. According to
NOMAprotocol, the source node sends the superimposed signal with different power
level, and the receiver takes successive interference cancellation (SIC) to decode the
information of users [2]. Cooperative NOMA can effectively improve the security
performance of system and enhance the transmission reliability [3]. The influence
of diverse relay selection schemes on system performance in cooperative NOMA is
studied in [4]. Simulation results indicate the performance of two-stage relay selec-
tion scheme (TSRS) is better than the traditional maximumminimum relay selection
scheme in cooperative NOMA system.

Cognitive radio (CR) as another effective approach to improve the spectrum
efficiency has been extensively concerned. In [5], the outage probabilities expres-
sions of secondary users in downlink cognitive radio non-orthogonal multiple access
(CR-NOMA) relay network with imperfect SIC are discussed.

In this paper, we study an underlay CR-NOMAnetwork with imperfect SIC under
TSRS. We obtain the closed forms of outage probabilities. We discuss the effects
of the maximum transmit power, imperfect SIC factor, and interference temperature
constraint on CR-NOMA network at the same time.

41.2 System Model

We study an underlay cooperative CR-NOMA network as displayed in Fig. 41.1.
This network comprises a primary receiver (PR), a secondary transmitter (S), two
secondary users (SU1 and SU2), and a number of relay nodes (Rn, n = 1, 2, . . . , N ).
Assuming the interference caused by primary transmitter (PT) to the secondary
network can be ignored.

Considering the severe shadow fading, node S to node SUi has no direct link, and
the relay node Rn decodes and forwards (DF) the intended messages to the users

Fig. 41.1 System model
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cooperatively. Assuming all nodes are equipped with a single antenna and work in
half-duplex transmission mode, all the channels undergo quasi-static independent
but not identically distributed (i.i.n.d) Rayleigh fading. Therefore, the channel coef-
ficients of the links S → PR, Rn → PR, S → Rn, Rn → SU1, Rn → SU2 be
expressed as h jk ∼ CN

(
0, λ jk

)
, ( jk ∈ {SP, Rn P, SRn, RnU1, RnU2}).

In the first time slot, S broadcasts superposed signal xs = √
a1PSx1 + √

a2PSx2
to the relay nodes, where x1 and x2 are the intended messages to SU1 and SU2,
respectively, i.e., E

{
x2i

} = 1, i ∈ {1, 2}; PS is the transmit power at the S; ai is the
power allocation factor for xi and a1 + a2 = 1; considering SU1 is further away
from the relay nodes than SU2, according to the NOMA protocol, we order a1 > a2.
Considering the interference caused by S to PR, the transmission power of S is
constrained as follows:

Ps = min

{
Pm
S ,

I

|hSP |2
}

(41.1)

where PM
S is the maximum value of transmission power and I is the value of

interference temperature constraint.
Hence, the relevant received signal expression at relay nodes can be given by:

yRn
= hSRn

(√
a1PSx1 + √

a2PSx2
)

+ ωRn (41.2)

Applying NOMA, SIC is carried out at Rn , according to a1 > a2; therefore, the
selected relay first decodes the message of SU1, then subtracts this section from
received signal to detect the message of SU2. Therefore, the signal to interference
plus noise ratio (SINR) to detect x1 at Rn is shown as:

γ
{x1}
Rn

= a1ρS

∣∣hSRn

∣∣2

a2ρS

∣∣hSRn

∣∣2 + 1
(41.3)

Considering imperfect SIC, the SINR to detect x2 is shown as:

γ
{x2}
Rn

= a2ρS

∣∣hSRn

∣∣2

a1ρS

∣∣gSRn

∣∣2+1
(41.4)

where ρS = PS
σ 2 is the transmit signal to noise ratio (SNR) at S, gSRn ∼

CN
(
0, ηλSRn

)
,0 ≤ η < 1, and η is the factor of residual interference caused by

imperfect SIC.
From Eqs. (41.3) and (41.4), we can derive that the message x1 and x2 will be

successfully detected by relay in following conditions: 1
2 log

(
1 + γ

{xi }
Rn

)
≥ R∗

i ,where

R∗
i denotes the targeted rate for SUi .Considering the interference caused by Rn to

PR, the transmission power of Rn is limited as follows:
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PRn = min

{
PM
Rn

,
I

|hRP |2
}

(41.5)

where PM
Rn

is the maximum value of transmission power.
In the second time slot, the relay recodes and forwards superposed signal to the

users.
Hence, the relevant received signal at users is given by:

yRnUi = hRnUi

(√
a1PRn x1 + √

a2PRn x2
)

+ ωRnUi (41.6)

where ωRnUi denotes the AWGN at SUi with ωRnUi ∼ CN
(
0, σ 2

)
.

Therefore, the SINR to decode x1 at SU1 is given by:

γ {x1}
SU1

= a1ρRn

∣∣hRnU1

∣∣2

a2ρRn

∣∣hRnU1

∣∣2 + 1
(41.7)

The SINR to decode x1 at SU2 is given by:

γ
{x1}
SU2

= a1ρRn

∣∣hRnU2

∣∣2

a2ρRn

∣∣hRnU2

∣∣2 + 1
(41.8)

Considering imperfect SIC, the SINR to detect x2 is given by:

γ
{x2}
SU2

= a2ρRn

∣∣hRnU2

∣∣2

a1ρRn

∣∣gRnU2

∣∣2 + 1
(41.9)

where gRnU2 ∼ CN
(
0, ηλRU2

)
.

In this paper, we discuss outage performance with imperfect SIC under
TSRS scheme. This scheme is described as follows: Firstly, we select the
relay subset that can satisfy the requirements of SU1 achievable rate and
ensure both users can decode x1 successfully in the second time slot simul-
taneously, i.e., Sr = {Rn : En, 1 ≤ n ≤ N }, where En is the joint Boolean
expression that satisfies the above conditions for a dedicated relay, that

is:En =
{
γ

{x1}
Rn

≥ 22R
∗
1 − 1, γ {x2}

Rn
≥ 22R

∗
2 − 1, γ {x1}

SU1
≥ 22R

∗
1 − 1, γ {x1}

SU2
≥ 22R

∗
1 − 1

}
.

Secondly, the relay which can maximize the achievable rate of SU2 is selected
from this subset for forwarding the users’ message, which can be expressed as:

n∗
T SRS

= argmax
n

{
min

{
1
2 log

(
1 + γ

{x2}
Rn

)
, 1
2 log

(
1 + γ

{x2}
SU2

)}
, Rn ∈ Sr

}
.
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41.3 Outage Probability Analysis

Wederive the outage probabilities of users in this subsection. For SU1, the outagewill
arise when there is no relay can decode the message of user correctly, i.e., |Sr | = 0.
For SU2, the outage will take place in two circumstances. The first circumstance is
that the relay cannot detect either x1 or x2 correctly. The second circumstance is that
SU2 cannot decode its owner message x2 even if the relay decodes both x1 and x2
successfully.

We assume relay nodes are aggregated closely so that the links from any relay to
the same users’ node are independently and identically distributed. Therefore, the
outage probability of SUi is received by:

Pout
SU1

= P(|Sr | = 0) = (1 − P1)
N (41.10)

Pout
SU2

= P{|Sr | = 0} + P{γn∗ < ε2, |Sr | > 0}

= (1 − P1)
N +

N∑

l=1

(
N
l

)
(1 − P1)

N−l(P1 − P2)
l (41.11)

where P1 = P{En}, and the expressions of P1 and P2 are given by:

P1 = P{En} = P
{
γ

{x1}
Rn

≥ ε1, γ
{x2}
Rn

≥ ε2, γ
{x1}
SU1

≥ ε1, γ
{x1}
SU2

≥ ε1

}

=
(
1 − e

− ρI
ρMS λSP

)(
1 − e

− ρI
ρMRn

λRP

)
e
− k1

ρMRn
λRU1

− k1
ρMRn

λRU2

×
(
e
− k4

ρMS λSR − k5e
− k4

ρMS k5λSR
+ k2

ρMS k3ξλSR

)
+ ϕ1 ×

(
1 − e

− ρI
ρMS λSP

)

×
(
e
− k4

ρMS λSR − k5e
− k4

ρMS k5λSR
+ k2

ρMS k3ξλSR

)

× e
− k1

ρMRn
λRU1

− k1
ρMRn

λRU2
− ρI

ρMRn
λRP +

(
1 − e

− ρI
ρMRn

λRP

)
e
− k1

ρMRn
λRU1

− k1
ρMRn

λRU2

×
(

ϕ2e
− k4

ρMS λSR
− ρI

ρMS λSP − k5 × ϕ3e
k2

ρMS k3ξλSR
− k4

ρMS k5λSR
− ρI

ρMS λSP

)

+ ϕ1e
− k1

ρMRn
λRU1

− k1
ρMRn

λRU2
− ρI

ρMRn
λRP

×
(

ϕ2e
− k4

ρMS λSR
− ρI

ρMS λSP − k5 × ϕ3e
k2

ρMS k3ξλSR
− k4

ρMS k5λSR
− ρI

ρMS λSP

)

P2 = P
{
En, γ

{x2}
SU2

≥ ε2

}

= P
{
γ

{x1}
Rn

≥ ε1, γ
{x2}
Rn

≥ ε2, γ
{x1}
SU1

≥ ε1, γ
{x1}
SU2

≥ ε1, γ
{x2}
SU2

≥ ε2

}
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=
(
1 − e

− ρI
ρMS λSP

)(
1 − e

− ρI
ρMRn

λRP

)
e
− k1

ρMRn
λRU1

×
(
e
− k4

ρMS λSR − k5e
− k4

ρMS k5λSR
+ k2

ρMS k3ξλSR

)
×

(
e
− k4

ρMRn
λRU2 − k5e

− k4
ρMRn

k5λRU2
+ k2

ρMRn
k3ξλRU2

)

+
(
1 − e

− ρI
ρMS λSP

)
×

(
e
− k4

ρMS λSR − k5e
− k4

ρMS k5λSR
+ k2

ρMS k3ξλSR

)

×
(

ϕ4e
− k4

ρMRn
λRU2

− ρI
ρMRn

λRP
− k1

ρMRn
λRU1 − k5 × ϕ5e

− k4
ρMRn

k5λRU2
− ρI

ρMRn
λRP

− k1
ρMRn

λRU1
+ k2

ρMR k3ξλRU2

)

+
(
1 − e

− ρI
ρMRn

λRP

)
e
− k1

ρMRn
λRU1 ×

(
e
− k4

ρMRn
λRU2 − k5e

− k4
ρMRn

k5λRU2
+ k2

ρMRn
k3ξλRU2

)

×
(

ϕ2e
− k4

ρMS λSR
− ρI

ρMS λSP − k5 × ϕ3e
− k4

ρMS k5λSR
− ρI

ρMS λSP
+ k2

ρMS k3ξλSR

)

+

(
ϕ2e

− k4
ρMS λSR

− ρI
ρMS λSP − k5 × ϕ3e

− k4
ρMS k5λSR

− ρI
ρMS λSP

+ k2
ρMS k3ξλSR

)

×
(

ϕ4e
− k4

ρMRn
λRU2

− ρI
ρMRn

λRP
− k1

ρMRn
λRU1 − k5 × ϕ5e

− k4
ρMRn

k5λRU2
− ρI

ρMRn
λRP

− k1
ρMRn

λRU1
+ k2

ρMR k3ξλRU2

)

and εi = 22R
∗
i − 1, ρI = I

σ 2 , k1 = ε1
(a1−a2ε1)

, k2 = ε2
a2

, k3 = a1ε2
a2

, k4 =
max{k1, k2}, k5 = ξk3

1+ξk3
,

ϕ1 = ρIλRU1λRU2(
k1λRP

(
λRU1 + λRU2

) + ρIλRU1λRU2

) , ϕ2 = ρIλSR

k4λSP + ρIλSR
,

ϕ3 = ρI k3ξk5λSR

(k4λSPξk3 + ρI k3ξk5λSR − k2k5λSP)

ϕ4 = ρIλRU1λRU2

ρIλRU1λRU2 + k4λRPλRU1 + k1λRPλRU2

,

ϕ5 = ξk3k5ρIλRU1λRU2(
ξk3k5ρIλRU1λRU2 + ξk1k3k5λRPλRU2 + ξk3k4λRPλRU1 − k2k5λRPλRU1

)

41.4 Numerical Results

In this subsection, we demonstrate the relevant Monte Carlo simulation results to
verify the correctness of our analytical expressions of the users’ outage probabilities,
and the number of Monte Carlo simulations is 106. Suppose, the default setting of
system parameters is as follows: N = 5, λSP = λRP = 0.5, λSR = λRU2 = 1,
λRU1 = 2, a1 = 0.8, I = 25 dBm, R∗

1 = 0.8 bit/s/Hz, R∗
2 = 2 bit/s/Hz,

PM
S = 30 dBm, PM

Rn
= 30 dBm, and σ 2 = 0 dBm.
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In Fig. 41.2, we study the effect of η on outage probabilities by plotting the
outage probability versus I in dB. We study three cases of the level of residual
interference, i.e.,η = 0.01, η = 0.05, and η = 0.1. It is displayed that the users’
outage probability diminishes as I ascends, and the outage probability diminishes as
η diminishes. Figure 41.3 shows the effect of the maximum available transmit power
on outage probabilities. It is stated that the outage probabilities of the users diminish
as ρM

S ascends, and the outage probabilities of users diminish as η diminishes.

Fig. 41.2 Interference
constraint versus outage
probability

Fig. 41.3 Maximum
transmit power versus outage
probability
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41.5 Conclusions

This article discusses the outage performance of a CR-NOMA systemwith imperfect
SIC under TSRS. Considering the interference caused by secondary source and the
relay nodes to the primary receiver, we obtain the expressions of outage probabilities
inerrably. It is demonstrated that our analytical expressions are in accordance with
the simulation results well. And for the further research direction, we can take the
contents of energy collection at relay node into consideration.
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